l ,a.iw-w- 


REPORT  88-E 


Alberta  Oil  Supply 

1988  - 2003 


December  1988 


dm  %o Z.M 


Digitized  by  the  Internet  Archive 
in  2017  with  funding  from 
University  of  Alberta  Libraries 


https://archive.org/details/albertaoilsupplyOOalbe 


Alberta  Oil  Supply 

1988  - 2003 


December  1988 


ii 


ALBERTA  OIL  SUPPLY,  1988  - 2003 


Report  88-E  published  December  1988 
Published  by: 


Energy  Resources  Conservation  Board 
640  Fifth  Avenue  S.W. 

Calgary,  Alberta 
T2P  3G4 


Telephone  (403)  297-8311 

Telex  03-821717 


Price:  $25.00 


iii 


BOARD  OVERVIEW 


The  current  update  of  Alberta’s  crude  oil  supply  has  been  prepared  in  a 
period  of  continuing  uncertainty  respecting  the  longer  term  direction  of 
oil  prices  and  the  resulting  economic  fortunes  of  the  industry.  For 
this  reason,  rather  than  use  a single  oil  price  forecast,  the  Board  used 
a band  of  possible  future  prices  as  a basis  for  projecting  future 
supplies.  The  upper  limit  of  the  band  has  been  designated  as  Base 
Case  1,  the  lower  limit  as  Base  Case  2.  The  Board  made  an  additional 
projection,  for  sensitivity  purposes,  corresponding  to  a much  lower  oil 
price  forecast.  This  low  price  case  is  largely  an  illustration  of  what 
could  result  if  low  prices  were  to  prevail  in  the  long  run  and  there 
were  no  adjustments  to  domestic  fiscal  regimes. 

Notwithstanding  the  many  uncertainties,  the  Board  believes  that  the 
cases  discussed  in  the  report  generally  reflect  the  broad  range  of 
outcomes  that  are  most  likely  to  evolve. 

In  the  short  run,  the  Board  accepts  that  global  excess  supply  may  result 
in  lower  prices  than  shown  in  the  base  cases,  and  some  downward 
adjustment  in  the  available  supply.  In  the  longer  terra,  however,  the 
Board  expects  the  supply  and  demand  to  come  more  into  balance.  This 
should  stabilize  and  strengthen  the  international  market  and  generate 
prices  close  to  the  base  cases. 

Continuing  weak  and  volatile  crude  oil  prices  are  likely  to  have  the 
greatest  impact  on  the  bitumen  and  heavy  oil  segment  of  the  industry. 
Higher  operating  costs,  market  uncertainty,  and  lower  profit  margins 
will  result  in  a cautious  approach  to  development.  Timing  of  new  large- 
scale  synthetic  crude  oil  plants  would  also  be  affected  if  the  recent 
low  price  levels  continue.  Given  the  enormous  resource  base,  however, 
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the  Board  is  convinced  that  technological  improvements  and  the  public 
need  for  development  will  inevitably  lead  to  further  commercial 
development  of  the  oil  sands. 

The  above  views  respecting  the  likely  pricing  regime  lead  the  Board  to 
conclude  that  crude  oil  production  will  be  at  the  Base  Case  2 level  or 
perhaps  slightly  lower  for  at  least  the  next  year.  Generally,  however, 
during  the  early  1990s  the  Board  expects  a transition  towards  Base 
Case  1.  The  latter  represents  the  Board’s  best  judgement,  at  this  time, 
as  to  what  the  outlook  for  available  crude  oil  supply  might  be  from  1995 
onward . 
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EXECUTIVE  SUMMARY 


The  Board’s  current  assessment  of  Alberta’s  crude  oil  and  equivalent 
supply  provides  an  update  to  the  forecasts  presented  in  ERCB 
Report  85-A. 

Updated  estimates  of  the  ultimate  potential  for  light  and  heavy  crude 
oil,  pentanes  plus,  and  bitumen  (mining  and  in  situ)  are  summarized  in 
Table  1.  Reserves  have  been  significantly  increased  relative  to  those 
reported  in  ERCB  Report  85-A,  except  for  the  in  situ  portion  of  bitumen 
which  remains  unchanged. 

The  Board’s  detailed  geological  reassessment  of  conventional  in-place 
reserves  shows: 

• The  ultimate  potential  for  light  and  heavy  crude  oil  and  pentanes 
plus  has  been  increased  to  a combined  total  of  3335  x 10^  m^, 
which  is  7 per  cent  higher  than  the  1985  estimate. 

• The  established  reserves  of  pentanes  plus  have  increased  by 
14  per  cent,  largely  because  of  the  discovery  of  the  Caroline 
Pool. 

The  total  ultimate  potential  for  bitumen  that  would  be  extracted  by 
mining  operations  has  been  increased  to  10  000  x 10^  m^ , which  is  43  per 
cent  higher  than  was  recognized  in  ERCB  Report  85-A.  The  higher 
estimate  of  ultimate  potential  is  the  same  as  contained  in  the  Board’s 
1985  reserves  report,  ERCB  ST  86-18. 

The  total  ultimate  potential  for  bitumen  reserves  amenable  to  in  situ 
recovery  has  remained  unchanged  at  39  000  x 10^  m^ . 
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Based  on  the  revised  reserves  estimates,  the  Board  forecast  future 
annual  supply  of  crude  oil  and  equivalent  by  considering  three  different 
price  scenarios.  The  most  optimistic  of  the  price  forecasts  (referred 
to  as  Base  Case  1)  starts  with  an  oil  price  of  about  $23  US/bbl  (or 
$19  US/bbl  in  constant  $1987)  in  1990,  which  increases  to  nearly 
$50  US/bbl  ($28  US/bbl  in  constant  $1987)  by  the  year  2000.  A slightly 
less  optimistic  scenario  (referred  to  as  Base  Case  2)  begins  with  an  oil 
price  of  about  $19  US/bbl  (or  $17  US/bbl  in  constant  $1987)  in  1990, 
increasing  to  about  $39  US/bbl  (or  $22  US/bbl  in  constant  $1987)  by  the 
year  2000.  The  third  scenario  (referred  to  as  the  Low  Price  Case) 
reflects  recent  pessimism  regarding  energy  prices,  and  starts  with  an 
oil  price  of  about  $15  US/bbl  (or  $13  US/bbl  in  constant  $1987)  in  1990, 
gradually  increasing  to  only  about  $27  US/bbl  (or  $15  US/bbl  in  constant 
$1987)  by  the  year  2000. 

The  forecasts  of  total  oil  supply  from  Alberta  over  the  interval  1988  to 
2003,  based  on  the  three  price  scenarios,  are  illustrated  on  Figure  1. 

A narrow  range  of  expected  supply  is  bounded  by  Base  Cases  1 and  2. 
Specifically,  the  forecasts  predict  that: 

• In  all  instances,  the  conventional  crude  oil  supply  is  expected 
to  decline  moderately  by  the  mid-1990s.  The  rate  of  decline  is 
influenced  significantly  by  industry  activity. 

© Pentanes  plus  supply  is  identical  in  all  three  cases,  since 

production  is  more  directly  related  to  gas  markets  than  it  is  a 
function  of  oil  prices. 

• Total  supply  in  Base  Cases  1 and  2 is  expected  to  be  maintained 
at  220  x 10^  m^/d  or  higher  over  the  forecast  interval.  Forecast 
declines  in  conventional  crude  oil  production  are  largely  offset 
by  increases  in  bitumen  and  synthetic  crude  oil  (SCO) 
production . 
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• Total  supply  in  the  Low  Price  Case  is  expected  to  peak  at 

234  x 1()3  mVd  in  1989  and  decline  to  153  x 10^  m^/d  by  the  year 
2003.  This  decline  in  total  supply,  compared  to  the  other  cases, 
results  from  a slowdown  in  activity  in  the  bitumen  sector  and  a 
significant  and  sustained  reduction  in  drilling  activity  in  the 
conventional  industry. 

• If  the  upper  geological  potential  materializes,  the  conventional 
supply  would  be  about  20  per  cent  higher  in  2003  than  projected 
for  the  base  cases. 
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TABLE  1 


SUMMARY  OF  THE  ULTIMATE  POTENTIAL  OF  CRUDE  OIL 
AND  EQUIVALENT  - ALL  SOURCES 
(millions  of  cubic  metres) 
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1 

2 

3 

4 

5 

Light 

Heavy 

Pentanes 

Bitumen** 

Plus 

Mining 

In 

Situ 

Initial 

Established3 

2 050 

145 

294 

5 300 

84 

Cumulative 

Production3 

1 487 

95 

165 

133 

22 

Remaining 

Established3 

563 

50 

129 

5 167 

62 

Discoveries 

/Additions 

350c 

115° 

136 

- 

- 

Tertiary 

195 

50 

- 

- 

- 

Future  Potential 

- 

- 

4 700 

38 

916 

Ultimate 

Potential 

2 595 

310 

430 

10  000 

39 

000 

Total  Remaining 
Potential 

1 108 

215 

265 

9 867 

38 

978 

a Effective  31 

December  1987 

b Columns  show 

raw  bitumen. 

not  SCO. 

c Assumes  development  of  reserves  with  medium  geological  potential 
( see  Section  3.1). 
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FIGURE  1 TOTAL  SUPPLY  OF  ALBERTA 
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TERMINOLOGY 


RESERVES  TERMINOLOGY 

Established  Reserves 

Those  reserves  recoverable  under  current 

technology  and  present  and  anticipated  economic 

conditions,  specifically  proved  by  drilling, 

testing,  or  production,  plus  a reasonable 

estimate  of  contiguous  recoverable  reserves 

that  are  interpreted  to  exist,  from  geological, 

geophysical,  or  similar  information. 

Initial  Reserves 

Reserves  prior  to  the  deduction  of  any 

production . 

In-place  Reserves 

The  gross  volume  of  crude  oil,  bitumen,  or 

pentanes  plus  calculated  or  interpreted  to 

exist  in  a reservoir  before  any  volume  has  been 

produced . 

Remaining  Reserves 

Initial  reserves  less  cumulative  production. 

Ultimate  Potential 

An  estimate  of  the  initial  established 

reserves  which  will  have  been  developed  in  an 

area  by  the  time  all  exploratory  and 

development  activity  has  ceased,  having  regard 

for  the  geological  prospects  of  that  area  and 

anticipated  technology  and  economic  conditions. 
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Ultimate  potential  includes  cumulative 
production,  remaining  established  reserves,  and 
future  additions  through  extensions  and 
revisions  to  existing  pools  and  the  discovery 
of  new  pools.  Ultimate  potential  can  be 
expressed  by  the  following  single  formula: 

Ultimate  potential  = Initial  established 
reserves  + additions  to  existing  pools  + future 
discoveries . 

The  above  reserves  terminology  and  definitions,  which  were  recommended  by 
the  Inter-Provincial  Advisory  Committee  on  Energy  (IPACE),  have  been 
adopted  by  the  Board. 

DEFINITIONS  OF  OTHER  TERMS 

Crude  Bitumen  A naturally  occurring  viscous  mixture,  mainly 

of  hydrocarbons  heavier  than  pentane,  that  may 
contain  sulphur  compounds  and  that,  in  its 
naturally  occurring  viscous  state,  will  not 
flow  to  a well. 

Crude  Oil  (Conventional)  A mixture  mainly  of  pentanes  and  heavier 

hydrocarbons  that  may  be  contaminated  with 
sulphur  compounds,  that  is  recovered  or  is 
recoverable  at  a well  from  an  underground 
reservoir,  and  that  is  liquid  at  the  conditions 
under  which  its  volume  is  measured  or 
estimated,  and  includes  all  other  hydrocarbon 
mixtures  so  recovered  or  recoverable  except  raw 
gas  or  condensate. 


XV 


Crude  Oil  (Heavy) 

Crude  oil  will  be  deemed  to  be  heavy  crude 
oil  if  it  has  a density  of  900  kg/m^  or  more, 
but  the  Board,  in  a particular  case,  may 

classify  crude  oil  otherwise  than  in  accordance 

with  this  criterion,  having  regard  to  its 

market  utilization  and  purchasers' 

classification . 

Crude  Oil  (Light) 

For  the  purposes  of  this  report  the  terra  light 

crude  oil  is  intended  to  include  all 

light-medium  crude  oils  of  density  less  than 

900  kg/nP.  In  a particular  case,  the  Board  may 
classify  crude  oil  otherwise  than  in  accordance 

with  this  criterion,  having  regard  to  its 

market  utilization  and  purchasers' 

classification . 

Crude  Oil  (Synthetic) 

A mixture  of  pentanes  and  heavier  hydrocarbons, 

that  may  contain  sulphur  compounds,  that  is 

derived  from  crude  bitumen,  and  that  is  liquid 

at  the  conditions  under  which  its  volume  is 

measured  or  estimated,  and  includes  all  other 

hydrocarbon  mixtures  so  derived. 

Discoveries/ Additions 

As  well  as  new  discoveries,  the  term  used  in 

this  report  includes  extensions  or  additions  to 

existing  pools  and  the  application  of 

conventional  enhanced  recovery  by  waterflood  to 

those  resources. 

Experimental 

A pilot  test  to  evaluate  techniques  for 

recovery  of  crude  bitumen,  crude  oil, 

condensate,  or  gas  using  methods  that  are 

considered  untried  and  unproven  in  the 

particular  situation. 
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Gas 


Infill  Drilling 


Oil 


Oil  Sands 


Pentanes  Plus 


Raw  gas  or  marketable  gas  or  any  constituent  of 
raw  gas,  condensate,  crude  bitumen,  or  crude 
oil  that  is  recovered  in  processing  and  that  is 
gaseous  at  the  conditions  under  which  its 
volume  is  measured  or  estimated. 

The  drilling  of  wells  within  a pool  in  addition 
to  those  completed  in  the  drilling  spacing 
units  under  which  the  pool  was  developed. 

Condensate  or  crude  oil,  or  a constituent  of 
raw  gas,  condensate,  or  crude  oil  that  is 
recovered  in  processing,  that  is  liquid  at  the 
conditions  under  which  its  volume  is  measured 
or  estimated. 

(i)  sands  and  other  rock  materials 
containing  crude  bitumen, 

(ii)  the  crude  bitumen  contained  in  those 
sands  and  other  rock  materials,  and 

(iii)  any  other  mineral  substances,  other  than 
natural  gas,  in  association  with  that 
crude  bitumen  or  those  sands  and  other 
rock  materials  referred  to  in  subclauses 
(i)  and  (ii). 

A mixture  mainly  of  pentanes  and  heavier 
hydrocarbons  which  ordinarily  may  contain  some 
butanes  and  which  is  obtained  from  the 
processing  of  raw  gas,  condensate,  or  crude 
oil . 
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Pool 

A natural  underground  reservoir  containing  or 

appearing  to  contain  an  accumulation  of  oil  or 

gas  or  both,  separated  or  appearing  to  be 

separated  from  any  other  such  accumulation. 

Tertiary 

Recovery  of  crude  oil  from  a reservoir  by  an 

unconventional  enhanced  recovery  method. 

(Excluded  from  this  definition  are  the 

conventional,  widely  applied  enhanced  recovery 

methods  of  waterflood  and  immiscible  gas 

injection.)  Some  tertiary  recovery  methods  or 

processes  are: 

(a)  miscible  floods  using  solvent 

(hydrocarbon)  or  carbon  dioxide, 

(b)  thermal  floods  using  in  situ  combustion 

or  steam  injection. 

SI  UNITS 

This  report  has  been  prepared  in  the  International  System  of  Units  (SI). 
Conversion  factors  that  may  be  used  in  calculating  the  imperial 
equivalent  of  the  SI  Units  used  in  the  report  are  listed  below: 

1 cubic  metre  of  gas  = 35.493  73  cubic  feet  of  gas 

(101.325  kilopascals  and  15°  Celsius)  (14.65  psia  and  60°  Fahrenheit) 


1 cubic  metre  of  oil  or  pentanes  plus  = 6.292  9 Canadian  barrels  of  oil 
(equilibrium  pressure  and  15°  Celsius)  or  pentanes  plus  (equilibrium 

pressure  and  60°  Fahrenheit) 
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1 INTRODUCTION 


The  Energy  Resources  Conservation  Board  (the  Board)  periodically  reviews 
and  updates  Alberta's  long-term  supply  of  crude  oil.  In  ERCB  Report 
81-B,  which  was  issued  in  January  1981,  the  Board  evaluated  the 
potential  crude  oil  supply  of  Alberta  by  soliciting  industry  submissions 
and  reviewing  the  presentations  at  a formal  Board  hearing.  Subsequent 
ERCB  Reports  83-E  and  85-A,  updates  of  the  earlier  forecasts,  were 
issued  in  December  1983  and  March  1985,  respectively,  and  were  prepared 
entirely  in-house  by  Board  staff. 

In  early  1988  the  Board  undertook  to  review  and  update  its  long-term 
crude  oil  supply  outlook  in  order  to  assist  government  and  industry  in 
evaluating  the  long-term  needs  for  transportation  capacity.  The 
evaluations  were  carried  out  largely  by  ERCB  staff  through  its  own 
analysis  and  some  consultation  with  representatives  of  the  industry. 

The  Board  released  a short-term  forecast  of  conventional  crude  oil 
(1988-1992)  on  5 August  1988.  The  companion  document  on  the  methodology 
used  to  generate  this  short-term  forecast  is  attached  as  Appendix  A.  It 
should  be  noted  that  the  forecasts  contained  in  Appendix  A have  been 
modified  slightly  as  a result  of  the  Board's  findings  on  the  long-term 
assessment  of  available  supply. 

The  Board  has  adopted  the  long-term  forecasting  methodology  used  in 
previous  studies,  but  based  its  current  projections  on  a more  detailed 
evaluation  of  reserves  and  productivity.  There  are  two  major 
differences  between  this  report  and  past  studies: 


A comprehensive  geological  assessment  of  ultimate  potential  for 
conventional  crude  oil  has  been  completed  and  included  in  Section 
3 of  this  report. 

The  impact  on  oil  supply  of  three  price  forecasts  have  been 
evaluated  in  this  report.  In  previous  reports  one  set  of 
economic  conditions  was  assumed  to  prevail  over  the  forecast 
period.  In  this  instance,  an  expected  narrow  range  of  supply  is 
bounded  by  an  upper  Base  Case  1 and  a lower  Base  Case  2.  In  view 
of  the  recent  volatility  in  world  oil  prices  and  speculation  that 
a much  lower  oil  price  may  persist  for  some  time,  the  Board  has 
also  included  a Low  Price  Case.  Details  on  the  economics  of  the 
three  price  cases  are  provided  in  Section  2 of  this  report. 
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2 ECONOMIC  CONSIDERATIONS 


The  Board  postulated  three  different  price  forecasts  to  capture  the 
broad  range  of  influences  that  different  prices  would  have  on  each 
sector  of  the  industry.  The  Base  Case  1 forecast  is  the  most 
optimistic.  It  assumes  that  nominal  prices  of  benchmark  light  oil  would 
average  nearly  $21  US/bbl  in  1989,  climbing  to  $33/bbl  and  almost 
$50/bbl  in  1995  and  2000,  respectively.  This  would  reflect  an  average 
real  price  increase  of  about  4 per  cent  per  year.  The  circumstances 
that  would  be  necessary  for  such  an  optimistic  forecast  to  be  realized 
would  likely  have  to  include: 

• A high  degree  of  discipline  among  OPEC  members  with  a commitment 
to  curtail  production  as  necessary  to  bolster  prices. 

• Continued  increases  in  U.S.  demand  relative  to  U.S.  supply  with 
corresponding  growth  in  U.S.  net  imports  of  crude  oil  and 
products . 

• A willingness  and  ability  to  finance  imports  of  crude  oil  and 
products  in  developing  countries  lacking  in  domestic  petroleum 
resources . 

• No  significant  impact  by  alternative  energy  sources,  such  as 
nuclear,  hydroelectric,  and  the  so-called  "soft"  energy  sources, 
on  oil's  share  of  energy  supply. 

Somewhat  less  optimistic,  but  still  reflecting  a good  deal  of 
co-operation  among  OPEC  members,  the  Base  Case  2 forecast  assumes  that 
light  crude  oil  prices  at  Chicago  would  average  about  $18.50  US/bbl  in 
1989,  gradually  climbing  to  $28.50/bbl  in  1995,  and  reaching  $39/bbl  by 
2000.  This  would  reflect  an  average  real  price  increase  of  about  3 per 
cent  per  year.  This  forecast  may  also  appear  optimistic  in  light  of 
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events  over  the  last  few  months.  Keeping  in  mind,  however,  that  the 
price  drop  that  has  occurred  of  late  is  likely  a result  of  the  cessation 
of  hostilities  between  Iran  and  Iraq,  the  decline  may  well  be 
surmountable  through  OPEC  co-operation.  Thus,  if  OPEC  can  maintain 
control  of  production  sharing,  the  Base  Case  2 forecast  is  plausible. 

A third  scenario,  the  Low  Price  Case,  has  been  postulated  out  of 
recognition  of  the  recent  weakness  in  oil  prices.  This  pessimistic 
outlook  has  current  prices  at  Chicago  averaging  nearly  $15  US/bbl  in 
1989,  about  $18/bbl  in  1995,  and  $27/bbl  in  2000.  This  would  reflect  a 
loss  in  the  real  value  of  oil  by  about  1 per  cent  per  year  until  1995 
and  then  an  average  real  price  increase  of  about  4 per  cent  per  year  to 
the  year  2003.  Of  the  growth  in  prices  assumed  between  1989  and  2000, 
approximately  $10/bbl  results  from  an  underlying  rate  of  inflation  of 
4 per  cent  per  year,  while  the  remaining  $2/bbl  growth  represents  an 
increase  in  the  real  value  of  the  resource. 

The  Low  Price  Case  would  reflect  circumstances  where: 

• OPEC  would  no  longer  be  able  to  restrain  production  among  member 
countries . 

• Oil  supply  elasticity  would  be  such  that  significant  additional 
production  would  be  forthcoming  at  prices  in  the  range  of  $17-$20 
US/bbl.  Thus,  if  prices  were  to  approach  these  levels  through  to 
the  mid-1990s,  sufficient  additional  supply  would  be  forthcoming 
to  dampen  any  further  upward  pressure. 

• Only  in  the  latter  part  of  the  1990s  does  international  supply 
become  scarce  relative  to  demand  and  thus  justify  price 
increases . 

The  three  price  forecasts  are  shown  in  Figure  2-1. 

The  Board  did  not  consider  the  possible  effects  of  different  tax  and 
royalty  regimes  in  this  report.  Rather,  it  was  assumed  that  current  tax 
and  royalty  regimes  would  continue  regardless  of  the  price. 
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With  the  Base  Case  1 and  2 price  forecasts,  provincial  royalty  holiday 
programs  were  assumed  to  be  discontinued  upon  their  expiry  dates.  As 
well,  the  federal  and  provincial  income  tax  programs  were  assumed  to 
remain  largely  as  they  appear  now  under  the  premise  that,  while  prices 
are  adequate  to  ensure  a healthy  industry,  there  would  not  be  a 
perception  that  a further  redistribution  of  income  would  be  necessary 
if,  for  example,  prices  were  to  reach  $40  US/bbl  as  indicated  by  the 
Base  Case  1 forecast. 

In  the  Low  Price  Case,  production  from  all  sources  was  estimated 
assuming  no  major  changes  to  current  policies,  including  the 
discontinuation  of  provincial  royalty  holidays.  The  intent  of  the  Low 
Price  Case  was  to  forecast  a plausible  production  profile  without  any 
special  fiscal  efforts  being  made  to  offset  relatively  low  prices. 

There  are  different  degrees  of  responsiveness  from  each  sector  when 
prices  drop  from  their  Base  Case  1 and  2 levels  to  the  Low  Price  Case. 
The  strongest  reaction  would  occur  in  the  bitumen  and  synthetic  crude 
oil  (SCO)  sectors,  as  might  be  expected  considering  the  large  capital 
outlays  that  are  required  and  the  relatively  long  payback  period. 

The  next  strongest  response  to  such  a price  decline  would  occur  in  the 

discoveries/additions  components  of  light  and  heavy  crude  oil.  As  well, 

stripper  wells  could  be  affected,  although  not  by  enough  to  impact  total 
production  significantly.  Tertiary  production  could  be  reduced  under 
the  lower  price  forecast;  however,  provisions  within  the  provincial 
royalty  system  would  probably  offset  lower  prices  to  some  extent. 

Pentanes  plus  production,  as  a component  of  natural  gas,  is  more  a 

function  of  the  state  of  North  American  gas  markets  than  it  is  a 

function  of  oil  prices.  Therefore,  pentanes  plus  production  is  expected 
to  be  largely  insensitive  to  oil  price  fluctuations  within  the  range 
projected  in  this  report. 
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FIGURE  2-1  PRICE  FORECASTS 
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3 CONVENTIONAL  CRUDE  OIL  SUPPLY 


The  Board  based  its  long-term  forecast  of  conventional  crude  oil  supply 
on  the  economic  conditions  described  in  Section  2.  This  section 
addresses  Base  Cases  1 and  2,  while  a sensitivity  case  evaluating  the 
supply  based  on  a pessimistic  price  forecast  and  an  upper  geological 
potential  case  are  included  in  Section  7. 

The  forecast  of  supply  from  remaining  established  reserves  used  the  most 
current  reserves  and  production  data  available,  and  cumulative 
production  statistics  to  year-end  1987. 

A detailed  geological  review  of  all  oil-bearing  formations  in  Alberta 
was  conducted  to  estimate  undiscovered  ultimate  potential  from  future 
discoveries/additions.  The  results  of  this  evaluation  for  both  light 
and  heavy  crude  oil  are  presented  in  Section  3.1. 

Normalized  productivity  profiles  for  light  and  heavy  discoveries 
/additions  have  been  adjusted  to  reflect  recent  evidence  in  the  field, 
including  acceleration  effects  due  to  infill  drilling.  The  Board  also 
reviewed  approved  schemes  and  projected  future  reserves  additions  to 
determine  the  supply  from  new  tertiary  operations. 

The  detailed  results  of  the  forecasts  for  light  and  heavy  crude  oil  are 
presented  in  Sections  3.2  and  3.3,  respectively. 

3.1  ULTIMATE  POTENTIAL  - UNDISCOVERED  RESERVES 

3.1.1  Light  Crude  Oil 

To  evaluate  the  long-term  supply  prospects  in  Alberta,  it  is  critical  to 
identify  the  undiscovered  reserves  potential.  To  do  so,  a detailed 
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geological  review  of  the  resource  potential  in  the  sedimentary  basin  was 
carried  out. 

The  results  of  the  Board’s  geological  study  of  the  ultimate  potential  of 
light  crude  oil  in  Alberta  are  summarized  in  Table  3-1.  The  remaining 
in-place  reserves  yet  to  be  discovered  are  estimated  to  be 
1.20  x 10^  m-* , 1.40  x 10^  m^,  and  1.82  x 10^  m^ . These  figures 
represent  the  range  of  reserves  corresponding  to  the  lower,  medium,  and 
upper  geological  potential  cases,  respectively.  They  also  reflect  the 
respective  upper,  medium,  and  lower  degrees  of  confidence  in  the 
geological  assessments. 

The  Board's  study  employed  a geological-statistical  methodology  to 
predict  the  ultimate  potential  of  crude  oil  reserves  present  within  all 
oil-bearing  units  located  in  the  stratigraphic  column  of  Alberta.  The 
stratigraphic  column  was  divided  into  fifteen  major  units  which  were 
further  subdivided  and  analysed  as  exploration  plays  of  either  a 
formation  or  a group  of  formations  within  a stratigraphic  unit.  The 
subdivision  allowed  the  entire  province  to  be  separated  into  geologic 
regions  within  specific  geographic  areas  and  also  provided  the  basis  for 
comparisons  to  ultimate  potential  figures  derived  for  similar  units, 
described  in  the  Geological  Survey  of  Canada  Paper  87-26.  The  entire 
sedimentary  basin  within  the  province  was  reviewed  for  its  ultimate 
potential,  excluding  the  disturbed  belt,  which  is  considered  primarily 
gas  prone. 

The  geological  assessment  was  based  on  the  assumption  that  historical 
discoveries  of  pools  made  in  the  course  of  developing  a sedimentary 
basin  represent  a typical  sample  of  basin  play  development.  The 
addition  of  the  undiscovered  plays  represents  the  total  resources  for 
the  basin.  In  this  study,  individual  formations  or  groups  of  formations 
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were  separated  into  a number  of  geologic  regions  distinguished  by  unique 
geologic  features  such  as  structural  boundaries  or  depositional  trends. 
Subsurface  maps  were  generated  to  relate  sedimentologic  and  structural 
models  to  explored  areas  and  areas  of  sparse  development.  For  example, 
the  locations  of  the  Leduc  carbonate  reefs  provided  the  basis  for  the 
creation  of  geologic  regions.  The  structural  or  stratigraphic  controls 
necessary  to  explain  carbonate  deposition  or  pool  developments  were 
noted.  Also,  the  drilling  density  to  the  Leduc  or  equivalent  geologic 
time  formations,  in  conjunction  with  discovered  pools,  was  reviewed  in 
each  region. 

In  explored  areas,  the  size  range  and  number  of  pools  already  discovered 
provided  the  base  for  the  estimates  of  new  discovery  pool  profiles.  The 
historical  rate  of  expansion  in  the  development  of  older  existing  pools 
assisted  in  the  prediction  of  the  potential  growth  of  small  and 
single-well  pools.  In  studying  the  potential  development  of  the  pools, 
the  analysis  focused  on  the  relevance  of  existing  models  in  making 
assessments  of  the  size  distribution,  pool  numbers,  and  quality  of 
reservoirs.  For  example,  the  sizes  and  numbers  of  discovered  Leduc 
pools,  their  positions  relative  to  carbonate  trends,  and  the  anticipated 
type  of  new  pools  were  projected  into  areas  of  undrilled  acreage  to 
predict  the  size  and  numbers  of  new  pools. 

In  relatively  unexplored  areas,  the  analysis  considered  pools  from 
established  plays  in  other  regions  with  similar  lithology, 
sedimentology , and  trapping  mechanisms.  As  in  the  explored  areas, 
trends  from  discovered  pools  were  used  to  predict  the  quality  and 
quantity  of  undiscovered  pools. 

The  review  of  historical  data  from  1983  to  1987  provided  the  foundation 
for  the  division  of  ultimate  potential  into  three  ranges:  lower,  medium, 
and  upper.  The  lower  geological  potential  category  can  be  explained  as 
volume  growth  resulting  from  expansion  of  established  pools  and 
continued  development  drilling  of  known  reserves,  as  well  as  reserves 
additions  of  undiscovered  pools  on  trend  with  known  reserves.  The 
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medium  category  of  reserves  includes  the  above  plus  the  development  of 
undiscovered  pools  within  the  bounds  of  defined  play  areas.  The  upper 
geological  potential  category  includes  new  discoveries  in  some  of  the 
sparsely  drilled  areas  or  conceptual  plays  in  the  province,  plus  the 
effect  of  new  exploration  and  production  technology.  Given  the  historic 
pattern  of  resource  development  and  the  judgements  applied,  there 
appears  to  be  more  than  a 50  per  cent  probability  that  all  the  resources 
would  be  discovered  under  the  three  cases. 

The  major  conclusions  of  the  geological  study  are: 

• Future  crude  oil  reserves  will  be  found  in  pools  of  small  areal 
extent  and  volume,  and  in  the  expansion  of  discovered  pools. 

• Major  large  pools  are  unlikely  to  be  discovered  in  the  future. 

• Geologic  models  for  each  formation  or  stratigraphic  unit  appear 
to  be  a valid  and  effective  tool  for  basin  analysis. 

• The  established  reserves  in  several  formations,  based  on  1987 
reserves  figures,  already  exceed  the  ultimate  potential  that  was 
determined  in  the  G.S.C.  Paper  87-26,  based  on  1983  and  1985 
reserves  data.  In  some  other  formations  the  discoveries 
/additions  since  1985  are  greater  than  50  per  cent  of  the 
G.S.C.'s  estimate  of  undiscovered  reserves. 

The  average  recovery  factor  for  light  crude  oil  pools  at  year-end  1987 
(excluding  tertiary  reserves  but  including  waterflood)  was  found  to  be 
about  29  per  cent.  The  Board's  analysis  showed  that  in  applying  the 
current  average  recovery  factors  for  individual  formations  to  the 
expected  distribution  of  reserves  to  be  discovered,  the  recovery  factor 
for  future  discoveries/additions  was,  coincidentally,  calculated  to  be 
29  per  cent.  However,  considering  that  pools  discovered  in  the  future 
are  expected  to  be  of  smaller  size  and  lower  quality,  the  Board  believes 
it  is  more  likely  that  the  average  recovery  factor  for  future 
discoveries/additions  would  be  closer  to  25  per  cent. 
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With  a recovery  factor  of  25  per  cent,  the  resulting  reserves  additions 
for  future  discoveries/additions  are  350  x 1Q6  m^  and  450  x 10^  m^  for 
the  medium  and  upper  geological  potential  cases,  respectively.  The 
medium  geological  potential  case  was  used  in  the  Base  Cases  1 and  2 and 
low  price  analyses.  The  upper  geological  potential  case  was  used  in  the 
sensitivity  analysis  presented  in  Section  7 . Given  recent  reserves 
acquisition  trends,  the  lower  geological  potential  reserves  were 
considered  to  be  overly  pessimistic  and  were  not  considered  in  this 
report . 


3.1.2  Heavy  Crude  Oil 

A detailed  geological  study,  similar  to  the  review  for  light  crude  oil 
discussed  in  Section  3.1.1,  was  conducted  to  determine  the  ultimate 
potential  of  heavy  crude  oil  in  Alberta.  The  results  are  summarized  in 
Table  3-2.  The  remaining  in-place  reserves  yet  to  be  discovered  are 
estimated  to  be  820  x 10^  m^,  975  x 10^  m^,  and  1300  x 10^  m^  for  the 
lower,  medium,  and  upper  geological  potential  cases,  respectively.  As 
indicated  in  the  discussion  for  light  crude  oil,  this  would  represent  an 
upper,  medium,  and  lower  degree  of  confidence  in  the  geological 
assessment.  In  the  evaluation  of  Alberta's  heavy  crude  oil  potential, 
the  geological  analysis  focused  on  two  main  areas. 

Lloydminster  Area 

The  Lloydminster  area  is  bounded  by  Townships  34  to  52  and  Ranges  1 to  7 
W4M,  and  contains  approximately  4800  sections  of  land.  Most  of  the 
heavy  oil  reserves  in  the  Lloydminster  area  are  contained  within  the 
Mannville  Group  of  Lower  Cretaceous  age.  The  total  thickness  of  the 
Mannville  Group  varies  greatly,  from  80  to  250  metres,  and  is  comprised 
of  interbedded  sandstones  and  shales.  The  structural  framework  for  the 
Mannville  sands  is  influenced  by  the  underlying  Paleozoic  unconformity, 
resulting  in  a northwesterly  strike  and  southwesterly  dip  for  the 
Mannville  Group.  Most  of  the  nine  recognized  heavy  oil-bearing  zones 
consist  of  sandstones  that  are  poorly  consolidated,  and  contain 
fine-grained  quartz  sometimes  grading  into  silt. 
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The  Mannville  sands  are  deposited  as  either  blanket-  or  channel-type 
deposits.  The  channel-type  sands  are  areally  very  limited  but  form 
thick  prolific  reservoirs.  The  blanket-type  sand  accumulations  are  of 
limited  thickness  but  are  much  more  widespread  areally  and  they  contain 
most  of  the  reserves  in  the  Lloydminster  area.  The  Sparky  Member  is  the 
most  prolific  producer,  containing  almost  half  the  reserves  in  the 
Lloydminster  area.  The  Dina  sand  is  the  main  zone  of  production  in  the 
numerous,  recently  discovered,  heavy  oil  pools  in  the  Provost  Field, 
within  the  southern  portion  of  the  Lloydminster  area. 

The  methodology  for  calculating  the  ultimate  resource  potential 
considered  the  areal  distribution  of  the  total  discovered  reserves  in 
comparison  to  the  total  available  area,  rather  than  average  well 
discovery  rates.  Of  the  2050  drilled  sections,  860  contain  at  least  one 
successful  oil  well,  yielding  a success  ratio  of  approximately  40  per 
cent.  The  total  discovered  reserves  of  634  x 10^  m3  implies  reserves  of 
0.74  x 106  m3  per  successful  section.  Having  regard  for  the  widespread 
nature  of  the  Mannville  sands,  the  Board  believes  the  demonstrated 
success  rate  and  average  reserves  per  successful  section  could 
reasonably  be  generalized  across  the  area.  This  assumption  is  supported 
by  the  fact  that  the  Lloydminster  area  contains  several  Mannville  sand 
units,  one  or  more  of  which  exhibit  varying  degrees  of  heavy  crude  oil 
saturation  throughout  the  area. 

Recognizing,  however,  that  the  larger  and  better  quality  pools  have 
likely  already  been  discovered  and  that  future  discoveries  may  not  be  as 
prolific  as  in  the  past,  a range  of  success  rates  was  assumed  for  the 
2750  sections  of  undrilled,  undeveloped  land  in  the  Lloydminster  area. 
Thus,  the  Board  has  a high  degree  of  confidence  with  a success  rate  of 
25  per  cent,  is  reasonably  confident  with  30  per  cent,  and  considers  a 
40  per  cent  success  rate  to  be  optimistic.  The  ultimate  potential  with 
a 25  per  cent  success  rate  is  500  x 10^  m3;  with  a 30  and  40  per  cent 
success  rate,  it  is  600  x 10^  m3  and  800  x 10^  m3 , respectively. 

In  the  Lloydminster  area  over  the  last  8-year  period,  set  in-place 
reserves  increased  by  70  per  cent,  from  371  x 10^  m3  to  634  x 10^  m3. 
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During  the  same  period  the  number  of  wells  drilled  increased  by  60  per 
cent,  from  5159  to  8284.  It  is  expected  that  this  trend  will  continue; 
that  is,  over  the  forecast  period  discoveries  will  be  directly  related 
to  the  drilling  activity  in  the  area. 

Other  Areas 

More  than  50  per  cent,  some  675  x 10^  m^,  of  Alberta's  conventional 
heavy  oil  reserves  are  found  outside  the  Lloydminster  area.  These 
reserves  are  located  in  over  1700  pools  in  88  fields  situated  in 
southern  and  central  Alberta,  and  are  generally  associated  with  the  Bow 
River  System. 

The  methodology  for  estimating  the  heavy  oil  ultimate  potential  in  these 
areas  was  based  on  two  assumptions: 

• Future  heavy  oil  discoveries  will  be  limited  to  those  geological 
formations  which  are  already  known  to  contain  the  existing  heavy 
crude  oil  reserves.  These  formations  are  limited  to  the  Lower 
Cretaceous,  Jurassic,  Mississippian,  and  Upper  Devonian  periods, 
with  the  Cretaceous  containing  approximately  90  per  cent  of  the 
total  reserves. 

• The  existing  ratio  of  heavy  crude  oil  to  light  crude  oil  will 
continue  for  future  reserves  in  each  geological  formation. 

Upon  completing  its  comprehensive  study  of  the  geologic  potential  for 
light  crude  oil  in  the  province,  the  Board  reviewed  the  historical 
ratios  of  heavy  to  light  crude  oil  in  certain  geological  formations. 
These  heavy/light  ratios  were  determined  to  be  60  per  cent  for  the  Lower 
Cretaceous,  25  per  cent  for  the  Jurassic,  8 per  cent  for  the 
Mississippian,  and  less  than  0.5  per  cent  for  the  Upper  Devonian. 
Applying  the  same  percentages  to  the  future  discovery  estimates  of  light 
crude  oil  reserves,  future  discovery  estimates  of  in-place  reserves  were 
obtained  for  heavy  crude  oil  in  other  areas. 


14 


In  the  areas  outside  Lloydminster , in-place  heavy  crude  oil  reserves 
over  the  last  8-year  period  have  increased  by  189  x 10^  m3,  from 
486  x 106  m3  to  675  x 10&  (an  increase  of  approximately  40  per  cent). 
This  dramatic  increase  in  reserves  is  due  to  inadvertent  discoveries  of 
heavy  while  searching  for  light,  and  to  intentional  exploration  for 
heavy  (eg,  Grand  Forks,  Taber,  Hays,  etc).  The  Board  believes  that  if  a 
concerted  effort  were  made  toward  exclusive  development  of  heavy  crude 
oil  reserves,  discoveries  would  increase  substantially. 

As  discussed  in  Section  3.3.1,  a review  of  established  pools  suggests 
that  the  average  recovery  factor  for  heavy  crude  oil  is  higher  than 
previously  projected.  The  updated  reserves  for  established  pools 
reflect  a recovery  factor  of  8 per  cent  for  the  Lloydminster  area  and 
approximately  18  per  cent  for  other  areas. 

With  the  above  recovery  factors  and  with  the  results  from  the  geological 
assessment,  the  recoverable  reserves  values  for  future  discoveries 
/additions  are  115  x 10^  m3  and  155  x 10^  m3  for  the  medium  and  upper 
geological  potential  cases,  respectively. 

3.2  LIGHT  CRUDE  OIL  SUPPLY 


3.2.1  Supply  from  Established  Pools 

Actual  1987  production  of  light  crude  oil  averaged  approximately 
129  x 103  m3/d,  although  production  was  restricted  in  the  first  half  of 
the  year  because  of  limited  pipeline  capacity.  Production  rates 
increased  in  the  second  half  of  the  year,  as  a result  of  an  expansion  to 
Interprovincial  Pipeline  in  mid-1987.  Consequently,  as  illustrated  in 
Figure  1 of  Appendix  A,  the  production  rate  generally  increased 
throughout  the  second  half  of  1987  and  reached  138  x 103  m3/d  by 
December  1987.  The  introduction  of  the  Modified  Proration  Plan  on 
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1 June  1987  also  encouraged  unrestricted  production  levels  from 
virtually  all  pools  for  the  last  half  of  1987.  Accordingly,  the  Board 
believes  the  actual  pool  performance  during  this  unrestricted  period 
provides  the  best  base  to  determine  the  available  supply  from 
established  pools. 

The  current  forecast  is  based  on  the  performance  of  all  producing  pools 
as  of  year-end  1987.  The  Board  reviewed  the  unrestricted  production  of 
the  largest  190  pools,  representing  approximately  80  per  cent  of  the 
total  provincial  productivity,  and  forecast  their  expected  future 
productivity  individually.  Extrapolation  of  historical  decline  trends 
necessitated  minor  reserves  changes  in  only  a few  pools.  Significant 
productivity  declines  in  four  major  D-2  and  D-3  pools  (Bonnie  Glen, 
Fenn-Big  Valley,  Westerose,  and  Wizard  Lake)  over  the  past  5 years  have 
largely  removed  the  uncertainty  associated  with  these  pools  in  the 
past . 

The  current  forecast  predicts  an  average  annual  productivity  decline 
from  existing  pools  of  about  10  per  cent  over  the  next  10-year  period, 
which  is  consistent  with  recent  historical  decline  trends.  (See 
Appendix  A for  further  details.)  The  average  annual  decline  rate  is 
expected  to  be  more  moderate  for  the  duration  of  the  forecast, 
reflecting  the  higher  contribution  from  lower  productivity  pools  (eg, 
Pembina  Cardium) . 

As  indicated,  the  production  rate  of  138  x 1(P  nrVd  from  December  1987 
was  used  as  a base  for  predicting  supply  from  established  pools.  It 
represents  an  unrestricted  or  productive  capacity,  unencumbered  by 
operating  factors.  Consequently,  future  available  supply  figures  for 
light  crude  oil  should  be  reduced  by  about  2 per  cent  to  reflect  factors 
such  as  plant  turnaround,  operating  problems  in  the  field,  or  the  effect 
of  weather  conditions. 
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The  supply  forecast  of  light  crude  oil  from  established  pools  is 
summarized  in  Table  3-3.  As  shown,  the  productive  capacity  from 
existing  reserves  is  expected  to  decline  steadily  from  131  x 10^  m^/d  to 
30  x 10^  m-Vd  by  2003.  This  supply  is  not  expected  to  be  very  sensitive 
to  prices  since,  with  the  minor  exception  of  some  stripper  wells, 
operating  revenues  will  almost  always  exceed  operating  costs  in  the 
range  of  prices  assumed  in  this  report. 

The  forecast  of  supply  from  remaining  established  reserves  by  individual 
pipeline  system  is  outlined  in  Appendix  B. 

3.2.2  Supply  from  New  Discoveries/Additions 

Given  the  prospects  for  new  discoveries  of  light  crude  oil,  the  Board’s 
supply  forecasts  from  undiscovered  reserves  were  based  on  the  medium 
geological  potential  of  350  x 10^  m^ . In  preparing  the  forecast  of 
annual  productivity,  the  Board  first  prepared  an  expected  profile  of 
reserves  additions  for  the  base  cases,  as  illustrated  in  Figure  3-1. 

The  first  5 years  of  the  profiles  were  based  on  the  Board’s  expectations 
of  drilling  activity  and  the  corresponding  impact  on  reserves  additions. 
At  the  projected  base  price  levels,  the  Board  believes  that  drilling 
activity  would  continue  at  recent  high  levels  before  declining  in  the 
mid-1990s  as  opportunities  decline.  The  Board  expects  the  greater  part 
of  the  remaining  undiscovered  reserves  to  be  found  over  the  next  15 
years . 

A revised  normalized  productivity  profile  was  used  to  convert  reserves 
additions  to  annual  productivity.  Based  on  a performance  review  of 
single  and  multi-well  pools  discovered  since  1981  and  all  new  wells 
drilled  since  then,  the  Board  found  that: 

• The  normalized  productivity  profile  used  in  ERCB  Report  85-A, 

with  a peak  capacity  of  230  m^/d  per  million  nP  of  recoverable 
reserves  and  a subsequent  decline  rate  of  10  per  cent,  was 
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generally  consistent  with  the  performance  of  recently  discovered 
pools . 

• In  order  to  account  for  the  acceleration  effects  of  infill 

drilling  in  existing  pools,  the  normalized  profile  should  be 
adjusted  by  increasing  the  peak  capacity  to  300  m^/d  per  million 
iq3  of  recoverable  reserves  and  by  increasing  the  subsequent 
decline  rate  to  15  per  cent.  The  revised  profile  is  illustrated 
in  Figure  3-2. 

The  predicted  productivities  from  future  discoveries/additions  for  Base 
Cases  1 and  2 are  summarized  in  Table  3-3.  As  shown,  this  represents  a 
significant  portion  of  the  total  light  crude  oil  supply  in  future. 

3.2.3  Supply  from  Tertiary  Additions 

Since  1980,  the  Board  has  estimated  that  in  total,  some  340  x 10^  m3  of 
oil  would  ultimately  be  recovered  through  the  application  of  tertiary 
recovery.  After  reviewing  the  performance  of  all  tertiary  schemes  to 
date,  the  Board  believes  the  total  ultimate  potential  to  be  about 
300  x 106  m-*,  having  regard  for  the  lower  incremental  recovery 
expectations  in  horizontal  miscible  floods.  Some  105  x 10^  m3  of  this 
amount  has  been  recognized  as  established  reserves  by  year-end  1987, 
leaving  a remaining  ultimate  potential  of  about  195  x 10^  m3. 

Based  on  discussions  with  industry,  and  given  the  recent  pace  of 
tertiary  applications,  the  Board  expects  that  10  x 10^  m3  of  reserves 
will  be  recognized  in  1988  and  about  5 x 10^  m3  every  year  thereafter. 
This  reflects  a slow  but  steady  pace  of  development,  such  that 
85  x 106  m^  of  additional  reserves  (about  40  per  cent  of  the  remaining 
potential)  are  recognized  by  2003. 
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The  normalized  productivity  profile  used  to  convert  tertiary  reserves 
additions  to  annual  productivity  is  illustrated  in  Figure  3-2  and  is 
essentially  the  same  as  in  previous  Board  reports. 

To  identify  future  infill  drilling  in  tertiary  schemes,  discussions  were 
held  with  major  operators  to  clarify  their  plans  and  to  project  the 
likely  timing  of  their  developments.  Based  on  the  information  provided, 
the  Board  estimates  that: 

• An  average  of  25  infill  wells  will  be  drilled  each  year  for  the 
next  5 years.  The  Board  expects  that  any  drilling  past  this 
point  would  likely  be  in  more  marginal  tertiary  candidates  with 
lower  rates  of  production.  As  well,  any  benefits  from  infill 
drilling  could  be  largely  offset  by  compensating  producer  to 
injector  conversions. 

• The  average  well  will  reach  a peak  rate  of  40  m3/d  and  produce  a 
total  volume  of  60  x 103  m3.  However,  only  one-third  of  this 
amount  was  assumed  to  represent  incremental  recovery.  The 
remainder  will  be  an  acceleration  of  the  base  case  recovery. 

The  forecasts  of  production  from  tertiary  additions  are  summarized  in 
Table  3.3.  As  shown,  production  starts  at  about  1 x 103  m3/d  at  the 
beginning  of  the  forecast,  and  increases  to  7 x 103  m3/d  by  the  end  of 
the  forecast. 

3.3  HEAVY  CRUDE  OIL  SUPPLY 
3.3.1  Supply  from  Established  Pools 

Actual  production  of  heavy  crude  oil  in  1987  averaged  about 
20.6  x 103  m3/d  (excluding  experimental  production  of  about 
1 x 103  m3/d).  As  illustrated  in  Figure  2 of  Appendix  A,  the  production 
rate  generally  increased  throughout  the  year  and  reached  22.3  x 103  m 3/d 
by  December  1987 . 
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The  current  forecast  is  based  on  the  performance  of  all  producing  pools 
at  year-end  1987.  The  largest  90  producing  pools,  representing 
approximately  80  per  cent  of  the  total  provincial  productivity,  were 
reviewed  individually.  Unlike  the  forecast  for  light  crude  oil,  the 
Board  found  that  productivity  levels  and  historical  decline  trends  were 
such  that  major  reserves  increases  were  necessary  in  numerous  pools. 
Overall,  the  remaining  established  reserves  for  heavy  crude  oil  were 
increased  by  about  50  per  cent,  thereby  increasing  the  total  average 
recovery  factor  for  heavy  crude  oil  from  11  to  13  per  cent.  These 
adjustments  were  necessary  because  current  productivity,  combined  with 
expected  decline  rates,  was  incompatible  with  year-end  remaining 
recoverable  reserves.  The  Board  forecast  of  supply  from  remaining 
established  reserves  by  individual  pipeline  system  is  outlined  in 
Appendix  B. 

The  forecast  shown  in  Appendix  B predicts  the  supply  of  heavy  oil  from 
established  pools  to  decline  at  an  average  annual  rate  of  about  10  per 
cent  over  the  next  10-year  period,  which  is  higher  than  the  observed 
decline  rate  of  7 per  cent  in  recent  years.  The  Board  reviewed  the 
average  well  performance  of  heavy  crude  oil  since  1981  and  found  that 
recent  shallow  decline  rates  could  be  largely  attributed  to  a general 
trend  of  increasing  average  well  fluid  rates.  The  decline  rate  would 
have  been  approximately  10  per  cent  on  an  annual  basis  if  the  average 
well  fluid  rate  had  remained  constant. 

Based  on  this  information  the  Board  adjusted  the  overall  heavy  crude  oil 
forecast  to  be  more  consistent  with  recently  observed  decline  trends. 

It  was  assumed  that  improvements  in  overall  fluid  handling  capacity 
would  continue  and  would  reach  a peak  within  approximately  5 years. 
Thereafter,  the  productivity  decline  rate  would  accelerate  such  that  the 
reserves  used  in  the  forecast  would  ultimately  be  achieved. 

The  adjusted  supply  forecast  of  heavy  crude  oil  from  established  pools 
is  summarized  in  Table  3-4.  As  with  light  crude  oil,  there  is  virtually 
no  difference  between  heavy  crude  oil  supply  under  the  assumed  base  case 
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price  forecasts.  Supply  is  expected  to  average  20  x 10^  m^/d  in  1989, 
and  gradually  decline  to  4 x 10^  m^/d  by  the  end  of  the  forecast. 

3.3.2  Supply  from  New  Discoveries/Additions 

The  Board  based  its  forecast  of  new  discoveries  of  heavy  oil  on  the 
medium  geological  potential  of  115  x 10^  m^  identified  in  Section  3.1.2 
This  reflects  a significant  increase  from  that  previously  recognized  by 
the  Board. 

Considering  the  economic  outlook  assumed  in  the  base  cases,  the  Board 
believes  that  industry  activity  would  proceed  at  a relatively  fast  pace 
The  corresponding  reserves  additions  that  could  reasonably  be  expected 
are  illustrated  in  Figure  3-4.  As  shown,  reserves  additions  would 
average  10  x 10^  m 3/yr  over  the  next  5 years  and  then  decline.  The 
first  5 years  of  the  profiles  were  based  on  a continuation  of  recent 
drilling  activity.  The  Board  found  that  recent  estimates  of  reserves 
additions  due  to  new  drilling  were  lower  than  expected,  and  recovery 
factors  were  higher  than  expected  because  of  the  density  of  drilling. 
The  Board  expects  much  of  the  remaining  ultimate  potential  in  the  base 
cases  to  be  found  by  the  end  of  the  forecast  period. 

Based  on  a review  similar  to  light  crude  oil,  a revised  normalized 
productivity  profile  was  generated  to  convert  reserves  additions  to 
annual  productivity.  The  revised  profile  is  illustrated  in  Figure  3-5. 
It  shows  that  new  discoveries  will  reach  a peak  rate  of  250  nP/d  per 
million  m^  of  recoverable  reserves  in  the  second  year  of  production  and 
then  decline  at  a rate  of  10  per  cent  per  year. 

The  forecasts  of  productivity  from  future  discoveries/additions  are 
summarized  in  Table  3-4.  As  shown,  supply  is  expected  to  increase 
gradually  and  add  some  12  to  13  x 10^  m-Vd  by  the  mid-1990s.  This 
activity  represents  a significant  portion  of  the  total  heavy  crude  oil 
supply  in  the  future. 
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3.3.3  Supply  from  Tertiary/Experimental  Additions 

To  forecast  enhanced  recovery  activity  in  the  heavy  oil  sector,  the 
Board  relied  extensively  on  its  discussions  with  industry.  Major 
operators  confirmed  the  Board’s  view  that  the  short-  to  medium-term 
outlook  for  commercial  tertiary  schemes  in  conventional  heavy  crude  oil 
pools  does  not  appear  to  be  promising.  Consequently,  as  illustrated  in 
Figure  3-6,  the  Board  has  assumed  small  reserves  additions  in  this 
category,  commencing  in  1995,  such  that  9 x 10^  m3  of  potential  reserves 
are  recognized  by  2003. 

The  normalized  productivity  profile  used  to  convert  reserves  additions 
to  annual  productivity  is  illustrated  in  Figure  3-5  and  remains 
unchanged  from  previous  reports. 

The  current  supply  from  experimental  schemes,  approximately 
1 x 103  m3/d,  is  expected  to  continue  until  1995,  when  they  are 
gradually  reduced  to  minimal  levels. 

As  shown  in  Table  3-4,  the  Board  expects  the  overall  contribution  of 
tertiary/experimental  productivity  to  the  total  heavy  crude  oil  supply 
to  be  quite  small. 
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TABLE  3-1  SUMMARY  OF  ULTIMATE  POTENTIAL  UNDISCOVERED  RESERVES 
- LIGHT  CRUDE  OIL 
Effective  31  December  1987 
(millions  of  cubic  metres) 


Period 


Lower 

Medium 

Upper 

UNDISCOVERED  OIL  IN  PLACE 
(millions  of  cubic  metres) 

Upper  Cretaceous 

215 

240 

330 

Lower  Cretaceous 

245 

285 

350 

Jurassic/Triassic 

/Mississippian 

160 

195 

260 

Devonian 

560 

650 

835 

Other 

20 

30 

45 

Total 

1 200 

1 400 

1 820 

EXPECTED  AVERAGE  RECOVERY 

FACTOR 

0.25 

0.25 

0.25 

UNDISCOVERED  ULTIMATE 

300 

350 

450 
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TABLE  3-2  SUMMARY  OF  ULTIMATE  POTENTIAL  UNDISCOVERED  RESERVES 
- HEAVY  CRUDE  OIL 
Effective  31  December  1987 
(millions  of  cubic  metres) 


UNDISCOVERED  OIL  IN  PLACE 
Lloydminster  Area 
Other  Areas 
Total 

EXPECTED  AVERAGE  RECOVERY  FACTOR 
UNDISCOVERED  ULTIMATE  POTENTIAL 


Geological  Potential 


Lower 

Medium 

Upper 

500 

600 

800 

320 

375 

500 

820 

975 

1 300 

0.12 

0.12 

0.12 

100 

115 

155 

TABLE  3-3  FORECAST  OF  LIGHT  CRUDE  OIL  SUPPLY 
1988  - 2003 

Base  Case  1 and  Base  Case  2 
(thousands  of  cubic  metres  per  day' 
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TABLE  3-4  FORECAST  OF  HEAVY  CRUDE  OIL  SUPPLY 
1988  - 2003 

Base  Case  1 and  Base  Case  2 
(thousands  of  cubic  metres  per  daya) 
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FIGURE  3-1  RESERVES  GROWTH  AND  SUPPLY 

FROM  DISCOVERIES/ ADDITIONS 
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FIGURE  3-2  NORMALIZED  PRODUCTIVITY 
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FIGURE  3-3  RESERVES  GROWTH  AND  SUPPLY 

FROM  TERTIARY  ADDITIONS 
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FIGURE  3-4  RESERVES  GROWTH  AND  SUPPLY 

FROM  DISCOVERIES/  ADDITIONS 
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FIGURE  3-5  NORMALIZED  PRODUCTIVITY 
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FIGURE  3-6  RESERVES  GROWTH  AND  SUPP 
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4 PENTANES  PLUS  SUPPLY 


4 . 1 ULTIMATE  POTENTIAL 

The  "future  portion"  of  the  ultimate  potential  for  pentanes  plus  is  the 
product  of  two  factors:  the  volume  of  gas  yet  to  be  discovered  and  the 
anticipated  pentanes  plus  content  of  such  gas.  The  Board  has  recently 
completed  an  internal  review  of  both  these  factors. 

In  ERCB  Report  79-G,  the  Board  concluded  that  the  ultimate  potential  for 
marketable  gas  was  in  the  range  of  3.7  to  3.9  x 10^  but  noted  that, 
given  improvements  in  economic  and/or  technological  conditions,  the 
ultimate  potential  could  be  in  excess  of  5.6  x 10^  Given  the 

significant  growth  in  gas  reserves  which  has  been  realized  in  the  past 
10  years,  despite  a rather  modest  amount  of  drilling  activity,  the  Board 
adopted  an  ultimate  potential  of  4.2  x lO^  m3  1985,  and  increased  it 
again  in  1987  to  its  current  level  of  4.8  x 10^2  m3.  Notwithstanding 
these  adjustments,  the  Board  continues  to  recognize  that,  given 
significant  improvements  in  economic  conditions  and  technology,  the 
ultimate  potential  for  gas  could  be  substantially  higher. 

The  pentanes  plus  content  of  future  gas  discoveries,  the  second  factor 
influencing  the  ultimate  potential  for  pentanes  plus,  has  been 
periodically  reviewed  by  the  Board  in  recent  years  and  was  discussed  in 
ERCB  Reports  81-B,  83-E,  and  85-A.  Such  reviews  have  focused  on  the 
pentanes  plus-to-gas  ratio  on  both  a production  and  reserves  basis. 

These  ratios  have  shown  steady  declines  during  the  past  10  to  15  years. 

Consequently,  the  Board  had  adopted  a conservative  estimate  of  the 
future  pentanes  plus-to-gas  ratio  of  65  cubic  metres  per  million  cubic 
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metres  of  gas  for  the  purposes  of  estimating  the  ultimate  potential  of 
pentanes  plus. 

However,  in  light  of  the  recent  discovery  of  a major  gas  pool  containing 
significant  volumes  of  natural  gas  liquids,  the  Caroline  Beaverhill  Lake 
A Pool  (Caroline  Pool),  and  in  view  of  recent  indications  that  the 
decline  in  the  pentanes  plus-to-gas  ratio  in  both  production  and 
reserves  is  reversing,  the  Board  conducted  a more  detailed  review  of  its 
forecasts. 

With  this  review  the  Board  also  adopted  a new  methodology  to  calculate 
the  reserves  potential.  The  province  was  divided  into  areas  which  are 
geologically  similar  and  within  which  the  gas  reserves  discovered  to 
date  are  a significant  portion  of  those  likely  to  be  found.  The 
co-products  (sulphur,  pentanes  plus,  etc)  content  of  the  gas  found  to 
date  was  calculated  for  each  area.  It  was  assumed  that  future 
discoveries  in  each  of  the  areas  will  have  co-product  contents  similar 
to  the  established  reserves.  In  this  manner  the  average  co-products 
content  of  all  future  reserves  was  calculated. 

The  Board's  analysis  suggests  that  the  trend  toward  gas  with  a lower 
pentanes  plus  content  will  reverse  and  that  future  discoveries  will  be 
similar  to  that  of  the  initial  established  reserves  in  the  province. 
Consequently,  the  Board  selected  a ratio  of  85  cubic  metres  of  pentanes 
plus  per  million  cubic  metres  of  gas.  Although  this  ratio  is  somewhat 
lower  than  that  suggested  by  the  analysis,  it  was  chosen  because  of  the 
uncertainty  in  predicting  the  properties  and  extent  of  gas  yet  to  be 
discovered. 

Applying  this  ratio  to  the  Board's  estimate  of  future  gas  discoveries, 
and  adding  this  to  the  initial  established  reserves,  yields  an  ultimate 
potential  for  pentanes  plus  of  430  x 10^  m^ . This  represents  an 
increase  of  34  per  cent  over  the  previous  Board  forecast.  The  pentanes 
plus  reserves  and  cumulative  production  data  are  summarized  in  Table  1 
(see  Executive  Summary). 
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4.2  GAS  PRODUCTION 

The  Board  anticipates  a steady  growth  in  gas  consumption  in  Alberta,  as 
discussed  in  ERCB  Report  88-C.  A modest  but  steady  growth  is  similarly 
anticipated  in  other  Canadian  markets.  The  Board  also  expects  that  the 
recent  substantial  growth  in  U.S.  demand  for  Alberta  gas  will  continue 
into  the  1990s,  limited  primarily  by  pipeline  capacity.  Given  the 
Board’s  current  estimate  of  the  ultimate  potential  for  gas,  as  discussed 
in  Section  4.1,  Alberta's  annual  gas  production  is  expected  to  level  off 
at  about  107  x 10^  m^  through  the  mid-1990s  and  to  begin  to  decline 
early  in  the  next  century. 

To  assess  the  province’s  ability  to  meet  the  forecast  markets  for  gas, 
the  Board  used  its  own  data  base  and  a deliverability  model.  The  model 
predicts  the  producibility  of  all  established  gas  reserves  on  the  basis 
of  reservoir  and  test  data.  It  does  the  same  for  future  reserves  on  the 
basis  of  judgemental  assumptions  respecting  reserve  development  rates 
and  reservoir  characteristics. 

In  the  first  few  years  of  the  forecast,  the  Board  expects  all  gas 
production  to  come  from  established  reserves.  Within  a few  years, 
reserves  not  presently  discovered  can  be  expected  to  take  on  a 
signficant  role  in  Alberta’s  total  gas  production.  In  20  years,  more 
than  one-half  the  total  production  is  expected  to  come  from  future 
reserves . 

The  Board's  forecast  of  gas  production  from  both  established  and  future 
reserves  is  shown  in  Table  4-1. 

The  Board  notes  that  in  some  pools,  such  as  the  recently  discovered 
Caroline  Pool,  natural  gas  liquids  recovery  represents  a very 
significant  portion  of  the  overall  revenue  from  production  and  is, 
therefore,  a major  consideration  in  the  production  strategy  applied  to 
the  pool.  However,  such  pools  are  the  exception  and  pentanes  plus 
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recovery  is  a rather  minor  consideration  in  recovering  the  total 
resource  in  most  pools.  Consequently,  the  demand  for  gas  and  the 
producers'  contractual  situation  respecting  gas  governs  much  of  the 
pentanes  plus  production  in  the  province. 

4.3  PENTANES  PLUS  FROM  ESTABLISHED  RESERVES 


For  currently  connected  reserves,  the  Board's  deliverability  model 
yields  forecasts  of  pentanes  plus  expected  to  be  recovered  at  existing 
plants,  having  regard  for  the  pools  producing  to  and  the  recovery 
efficiencies  of  such  plants.  The  deliverability  model  is  also  used  for 
unconnected  reserves,  but  plant  recovery  efficiencies  were  estimated 
based  on  gas  analyses  for  the  reserves. 

The  Board's  forecast  of  pentanes  plus  production  from  established 
reserves  is  shown  in  column  4 of  Table  4-1.  As  production  of  natural 
gas  from  established  pools  increases  in  the  coming  years,  production  of 
pentanes  plus  is  expected  to  increase  somewhat  through  the  early  1990s, 
to  slightly  more  than  20  x 10^  m^/d.  This  is  largely  due  to  the  impact 
of  the  proposed  Caroline  development.  Supply  from  established  reserves 
are  likely  to  decline  throughout  the  remainder  of  the  forecast.  By  the 
end  of  the  forecast  period,  production  from  established  reserves  is 
expected  to  amount  to  some  11  x 10^  m^/d. 

4.4  PENTANES  PLUS  FROM  FUTURE  RESERVES 


The  Board's  forecast  of  pentanes  plus  available  from  future  gas 
discoveries  has  been  generated  by  applying  the  ratio  of  85  cubic  metres 
of  pentanes  plus  per  million  cubic  metres  of  gas  for  future  reserves,  as 
discussed  in  Section  4.1,  to  its  forecast  of  future  gas  production  shown 
in  column  2 of  Table  4-1.  As  shown  in  column  5 of  Table  4-1,  the  Board 
expects  pentanes  plus  production  from  future  gas  discoveries  to  increase 
to  10  x 10^  mVd  by  the  end  of  the  forecast. 
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4.5  TOTAL  PENTANES  PLUS  SUPPLY 

The  Board's  forecast  of  total  pentanes  plus  supply  is  shown  in  Figure 
4-1  and  in  column  6 of  Table  4-1.  Production  is  expected  to  increase  to 
some  22  x 1(P  m^/d  by  the  early  1990s  and  to  remain  at  about  this  level 
for  nearly  10  years.  With  the  Board's  current  estimates  of  ultimate 
potential  for  gas  and  pentanes  plus,  production  is  anticipated  to  begin 
to  decline  early  in  the  next  century. 

In  preparing  its  forecast  of  pentanes  plus,  the  Board  has  not  presented 
the  supply  impact  of  alternative  price  scenarios  as  has  been  done  for 
oil.  The  Board  does  not  expect  gas  prices  to  track  oil  prices  in  a 
predictable  manner  in  the  near  term.  It  does  anticipate,  however,  that 
the  strong  demand  for  gas  will  maintain  a high  level  of  activity  and 
stable  and  growing  prices  for  gas.  Further,  it  notes  that  a significant 
portion  of  the  pentanes  plus  production  in  Alberta  is  produced  from 
pools  which  are  either  not  very  sensitive  to  gas  demand  fluctuation,  or 
which  are  preferentially  produced  even  at  low  gas  demand. 

Certainly,  variation  of  the  ultimate  potential  for  gas  and  pentanes  plus 
from  that  estimated  by  the  Board  would  serve  to  change  the  long-term 
availability  of  pentanes  plus.  Such  scenarios  could  be  generated  rather 
easily  by  applying  the  pentanes  plus-to-gas  ratio  for  future  gas  to 
variations  of  the  future  gas  production  forecast. 
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TABLE  4-1  FORECAST  OF  MARKETABLE  GAS  PRODUCTION  AND 
PENTANES  PLUS  SUPPLY 
1988  - 2003 

(Gas:  millions  of  cubic  metres  per  day  @ 37.4  MJ/m^) 
(Pentanes  plus:  thousands  of  cubic  metres  per  day) 


1 

2 

3 

4 

5 

6 

Year  Gas 

Pentanes  Plus 

Established 

Discoveries 

/Additions 

Total 

Established 

Discoveries 

/Additions 

Total 

1988 

240 

0 

240 

18 

0 

18 

1989 

245 

0 

245 

19 

0 

19 

1990 

246 

4 

250 

19 

0 

20 

1991 

254 

6 

260 

20 

1 

20 

1992 

255 

13 

268 

21 

1 

22 

1993 

255 

20 

274 

21 

2 

22 

1994 

253 

29 

282 

20 

2 

22 

1995 

250 

38 

288 

19 

3 

22 

1996 

244 

48 

292 

18 

4 

22 

1997 

233 

59 

292 

17 

5 

22 

1998 

222 

70 

292 

16 

6 

22 

1999 

210 

82 

292 

15 

7 

22 

2000 

199 

92 

290 

14 

8 

22 

2001 

185 

100 

285 

14 

9 

22 

2002 

162 

112 

275 

12 

10 

22 

2003 

141 

118 

259 

11 

10 

21 
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FIGURE  4-1  TOTAL  SUPPLY  OF  PENTANES  PLUS 
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5 CRUDE  BITUMEN  AND  SYNTHETIC  CRUDE  OIL  SUPPLY 


The  pattern  of  development  under  each  of  the  price  scenarios  was 
predicated  on  an  assessment  of  information  provided  by  operators  and,  to 
some  extent,  on  the  results  of  the  Board’s  economic  analysis  of  the  most 
promising  development  sites  in  Alberta.  In  general,  oil  sands 
developments  are  expected  to  be  much  more  sensitive  to  economic 
conditions  than  activity  in  the  conventional  oil  industry. 

5.1  CRUDE  BITUMEN 

The  supply  of  crude  bitumen,  as  shown  in  Tables  5-1  and  5-2  and  in 
Figure  5-1,  was  based,  in  part,  on  an  assessment  of  the  most  likely 
development  plans  for  oil  sands  leases,  identified  by  the  operators. 

The  assessment  included  an  in-house  technical  review  of  the  lease 
productive  capability  in  relation  to  the  proposed  development 
technology.  In  addition,  an  economic  analysis  of  a representative 
project  was  conducted  to  help  predict  the  impact  of  each  of  the  price 
scenarios  on  the  timing  of  development.  The  impacts  of  each  of  the 
price  scenarios  on  the  representative  project  were  used  as  proxies  for 
other  proposed  projects  and  expansions,  for  which  there  was  not  enough 
detailed  information  for  a complete  economic  analysis. 

In  the  Base  Case  1 forecast  considerable  growth  in  the  supply  of  crude 
bitumen  would  occur  for  the  next  10  years,  as  an  early  scheduling  of  new 
plants  and  expansions  would  be  expected  under  this  price  scenario.  A 
reasonable  rate  of  return  was  obtained  for  a full-scale  development  of 
the  representative  project.  Thus,  the  Base  Case  1 forecast  essentially 
represents  a full-development  case.  This  optimistic  forecast  is  not 
expected  to  be  achieved  without  a concomitant  expansion  in  North 
American  upgrading  and  pipeline  capacities,  and/or  continued  growth  in 
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exports  to  offshore  markets.  The  current  pipeline-connected  North 
American  market  for  Canadian  heavy  oil  is  about  80  x 10^  m-Vd,  and  may 
be  constrained  by  a diluent  shortage  in  the  late  1990s. 

Moderate  growth  would  occur  under  the  Base  Case  2 price  scenario.  In 
general,  the  expansion  plans  of  existing  commercial  projects  would  not 
be  expected  to  differ  significantly  between  the  two  base  cases  over  the 
short  term  (2  to  3 years).  Reduced  cash  flow  and  financial  viability 
would  be  expected  to  delay  some  development  plans  in  the  long  term, 
however.  In  the  Base  Case  2 scenario  a reasonable  rate  of  return  was 
obtained  for  a scaled-down  development  of  the  representative  project. 
Market  constraints  could  also  have  an  impact  on  the  timing  of  some 
developments . 

Under  both  price  forecasts  non-upgraded  bitumen  production  averages 
32  x 103  m 3/d  in  1990.  In  the  Base  Case  1 scenario,  crude  bitumen 
production  peaks  at  65  x 10^  m^/d  in  1998,  and  declines  somewhat  with 
the  introduction  of  a bitumen  upgrader.  Under  the  Base  Case  2 forecast, 
crude  bitumen  reaches  46  x 10^  m-Vd  by  the  end  of  the  forecast. 

5.2  SYNTHETIC  CRUDE  OIL 

The  Board’s  forecasts  of  total  SCO  production  are  shown  in  Tables  5-1 
and  5-2  and  in  Figure  5-2.  A similar  methodology  to  that  of  the  crude 
bitumen  forecast  was  used.  Both  SCO  forecasts  assume  Syncrude’s 
recently  completed  Capacity  Addition  Project  (CAP)  will  bring  its  total 
SCO  production  to  25  x 10^  m^/d  by  1991,  with  an  improvement  in  the 
yield  of  SCO  from  bitumen  of  approximately  2 to  5 per  cent.  Each 
forecast  also  assumes  that  Suncor  will  complete  a debottlenecking 
program  and  increase  its  upgrading  capacity  to  11.6  x 10^  m 3/d  by  1993. 

Differences  between  the  two  forecasts  arise  from  the  expected  impact 
each  price  scenario  would  have  on  the  timing  of  OSLO,  Syncrude  and 
Suncor  expansions,  and  an  upgrader.  A 5-year  construction  period  prior 
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to  the  phase-in  of  production  is  assumed  for  all  plants  and  expansions. 
To  reflect  capital,  engineering,  and  manpower  constraints  that  would 
likely  occur  if  all  projects  (including  major  projects  outside  Alberta) 
proceeded  concurrently,  a staggering  of  project  start-up  dates  has  been 
incorporated. 

The  yield  of  synthetic  crude  oil  from  bitumen  is  dependent  on  the 
upgrading  technology  used.  The  Board  expects  OSLO  and  other  future 
projects  will  use  high-yield  hydrogen  addition  upgrading  technology 
which  is  expected  to  achieve  a yield  of  approximately  100  per  cent. 
Following  its  expansion,  Syncrude  is  expected  to  achieve  yields  in  the 
92  to  95  per  cent  range.  This  compares  with  the  current  project  yield 
of  81  to  84  per  cent  range. 

A new  bitumen  upgrader  was  assumed  to  be  built  in  both  forecasts.  In 
general,  the  timing  for  the  construction  of  the  upgrader  was  expected  to 
be  a function  of  the  price  differential  between  light  and  heavy  crude 
oil,  although  other  factors  could  influence  the  timing  of  the 
development.  A differential  of  approximately  $45  US/m^  ($7/bbl)  between 
heavy  and  light  was  assumed  to  be  the  commercial  threshold  necessary  for 
construction  of  an  upgrader.  From  production  levels  of  33  x 10^  m 3/ d in 
1990  under  the  Base  Cases  1 and  2 price  forecasts,  SCO  production 
reaches  about  73  x 10^  m^/d  under  each  case,  albeit  with  a more  gradual 
increase  under  the  Base  Case  2 scenario. 
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TABLE  5-1  FORECAST  OF  CRUDE  BITUMEN  PRODUCTION 
AND  SYNTHETIC  CRUDE  OIL  SUPPLY 
1988  - 2003 
Base  Case  1 

(thousands  of  cubic  metres  per  day) 


Year 

1 

Gross 

2 

Synthetic 

3 

Crude 

Oil 

4 

5 

Non-upgraded 

Bitumen 

Mining 

In 

Situ 

Total 

Bitumen 

1988 

62 

31 

- 

31 

23 

1989 

65 

32 

- 

32 

26 

1990 

72 

33 

- 

33 

32 

1991 

76 

34 

- 

34 

35 

1992 

83 

36 

- 

36 

41 

1993 

91 

36 

- 

36 

47 

1994 

101 

38 

- 

38 

55 

1995 

107 

41 

- 

41 

59 

1996 

114 

46 

- 

46 

61 

1997 

123 

54 

- 

54 

63 

1998 

130 

58 

- 

58 

65 

1999 

139 

64 

2 

66 

65 

2000 

141 

65 

4 

69 

63 

2001 

142 

67 

4 

71 

62 

2002 

143 

67 

5 

72 

62 

2003 

144 

67 

6 

73 

61 

45 


TABLE  5-2  FORECAST  OF  CRUDE  BITUMEN  PRODUCTION 
AND  SYNTHETIC  CRUDE  OIL  SUPPLY 
1988  - 2003 
Base  Case  2 


(thousands 

of  cubic  metres  per  day) 

Year 

1 

Gross 

Bitumen 

2 3 

Synthetic  Crude  Oil 

4 

5 

Non-upgraded 

Bitumen 

Mining  In  Situ 

Total 

1988 

61 

31 

31 

23 

1989 

65 

32 

- 

32 

26 

1990 

71 

33 

- 

33 

32 

1991 

74 

34 

- 

34 

33 

1992 

76 

36 

- 

36 

33 

1993 

76 

36 

- 

36 

33 

1994 

76 

37 

- 

37 

32 

1995 

79 

38 

- 

38 

34 

1996 

82 

39 

- 

39 

37 

1997 

89 

44 

- 

44 

38 

1998 

100 

50 

- 

50 

42 

1999 

110 

59 

- 

59 

44 

2000 

120 

65 

2 

67 

44 

2001 

125 

67 

4 

71 

45 

2002 

126 

67 

5 

72 

45 

2003 

127 

67 

5 

72 

46 

' 
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FIGURE  5-1  TOTAL  SUPPLY  OF  BITUMEN 
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FIGURE  5-2  TOTAL  SUPPLY  OF  SYNTHETIC 

CRUDE  OIL 
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6 TOTAL  CRUDE  OIL  AND  EQUIVALENT  SUPPLY 


The  Board’s  forecasts  of  total  crude  oil  and  equivalent  supply  for  the 
base  cases  over  the  1988  - 2003  forecast  period  are  outlined  by  product 
in  Tables  6-1  and  6-2  and  are  shown  graphically  in  Figures  6-1  and  6-2. 

Total  supply  in  Base  Cases  1 and  2 remains  quite  stable.  The  declines 
in  conventional  crude  oil  production  later  in  the  forecast  period  are 
nearly  offset  by  increases  in  bitumen  and  synthetic  crude  oil 
production.  Total  supply  is  maintained  above  200  x 10^  m^/d. 
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TABLE  6-1  FORECAST  OF  TOTAL  CRUDE  OIL  AND  EQUIVALENT  SUPPLY 
- ALL  PRODUCTS 
Base  Case  1 

(thousands  of  cubic  metres  per  day) 


1 

2 

3 

4 

5 

6 

Year 

Light 

Heavy 

Pentanes 

Plus 

Synthetic 

Non-upgraded 

Bitumen 

Total 

1988 

138 

24 

18 

31 

23 

234 

1989 

139 

25 

19 

32 

26 

241 

1990 

138 

26 

20 

33 

32 

249 

1991 

135 

27 

20 

34 

35 

251 

1992 

131 

27 

22 

36 

41 

257 

1993 

126 

27 

22 

36 

47 

258 

1994 

119 

27 

22 

38 

55 

261 

1995 

113 

26 

22 

41 

59 

261 

1996 

106 

24 

22 

46 

61 

259 

1997 

101 

23 

22 

54 

63 

263 

1998 

95 

21 

22 

58 

65 

261 

1999 

90 

20 

22 

66 

65 

263 

2000 

84 

19 

22 

69 

63 

257 

2001 

79 

18 

22 

71 

62 

252 

2002 

74 

17 

22 

72 

62 

247 

2003 

70 

16 

21 

73 

61 

241 
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TABLE  6-2  FORECAST  OF  TOTAL  CRUDE  OIL  AND  EQUIVALENT  SUPPLY 
- ALL  PRODUCTS 
Base  Case  2 

(thousands  of  cubic  metres  per  day) 


1 

2 

3 

4 

5 

6 

Year 

Light 

Heavy 

Pentanes 

Plus 

Synthetic 

Non-upgraded 

Bitumen 

Total 

1988 

137 

24 

18 

31 

23 

233 

1989 

137 

24 

19 

32 

26 

238 

1990 

134 

25 

20 

33 

32 

244 

1991 

130 

26 

20 

34 

33 

243 

1992 

125 

26 

22 

36 

33 

242 

1993 

119 

26 

22 

36 

33 

236 

1994 

112 

25 

22 

37 

32 

228 

1995 

106 

24 

22 

38 

34 

224 

1996 

100 

23 

22 

39 

37 

221 

1997 

94 

22 

22 

44 

38 

220 

1998 

89 

20 

22 

50 

42 

223 

1999 

84 

19 

22 

59 

44 

228 

2000 

79 

18 

22 

67 

44 

230 

2001 

74 

18 

22 

71 

45 

230 

2002 

70 

17 

22 

72 

45 

226 

2003 

65 

16 

21 

72 

46 

220 

t , 
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FIGURE  6-1  TOTAL  SUPPLY  OF  ALBERTA'S 

CRUDE  OIL  AND  EQUIVALENT 

BASE  CASE  1 
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FIGURE  6-2  TOTAL  SUPPLY  OF  ALBERTA'S 

CRUDE  OIL  AND  EQUIVALENT 

BASE  CASE  2 
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7 SENSITIVITY  CASES 


7.1  LOW  PRICE  CASE 


As  discussed  in  Section  2 of  this  report,  the  Board  has  also  prepared  a 
supply  forecast  to  reflect  the  possible  impacts  of  a more  pessimistic 
outlook  for  future  world  oil  prices  than  the  Base  Cases.  The 
anticipated  reduction  in  total  oil  supply,  relative  to  Base  Cases  1 and 
2,  has  been  illustrated  in  Figure  1 (see  Executive  Summary). 

As  a result  of  reduced  cash  flow  in  the  industry,  drilling  activity  for 
conventional  crude  oil  would  be  expected  to  drop  significantly  in  the 
Low  Price  Case,  and  would  remain  at  reduced  levels  for  some  time.  The 
expected  light  and  heavy  crude  oil  supply  from  the  future  discoveries/ 
additions  category  is  illustrated  in  Figures  7-1  and  7-2.  Although  the 
annual  growth  in  reserves  would  be  lower  because  of  the  reduced  drilling 
activity,  the  total  future  discoveries/additions  reflects  the  medium 
geological  potential  as  used  in  Base  Cases  1 and  2.  Supply  from 
established  pools  and  tertiary/experimental  operations  is  unlikely  to  be 
measurably  impacted  by  lower  prices  and,  therefore,  has  not  been 
adjusted.  Available  pentanes  plus  supply  was  not  considered  sensitive 
to  the  price  forecasts. 

The  supply  forecast  for  crude  bitumen  under  the  Low  Price  Case  is 
shown  in  Table  7-1.  It  is  expected  that  cash  flow  constraints  and  the 
commercial  risk  for  most  companies  would  cause  delays  in  the  start-up 
and  expansions  of  certain  projects,  despite  favourable  project  economics 
later  on  in  the  forecast.  Bitumen  supplies  are  estimated  to  increase  by 
about  10  per  cent  over  the  next  5 years,  which  would  likely  be  followed 
by  a decline  for  the  rest  of  the  forecast  period  under  the  low  price 
scenario.  The  level  of  production  associated  with  further  postponement 
of  development  plans,  combined  with  an  expected  decline  in  experimental 
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production,  creates  a net  decline  in  the  Low  Price  Case.  The  bitumen 
upgrader,  which  was  assumed  in  both  base  cases,  would  not  likely  be 
built  within  the  forecast  time  frame  under  the  low  price  scenario. 

The  forecast  supply  of  total  SCO  production  in  the  low  price  case  is 
also  shown  in  Table  7-1.  Maximum  production  reaches  40  x 10^  m 3/d  by 
the  year  2003.  Relative  to  the  base  case  forecasts,  the  interval 
between  the  construction  start-up  dates  of  OSLO  and  Syncrude’s  expansion 
was  increased  slightly,  as  it  was  assumed  the  common  project  sponsors 
would  be  less  likely  to  finance  the  construction  of  both  projects 
simultaneously  if  they  perceived  prices  to  follow  the  low  scenario. 

The  Board's  forecast  of  total  crude  oil  and  equivalent  supply  by  product 
for  the  Low  Price  Case  over  the  1988  - 2003  forecast  period  is  shown 
in  Table  7-2  and  is  illustrated  in  Figure  7-3.  Available  supply 
declines  significantly  over  the  forecast  period.  The  total  production 
rate  of  230  x 10^  m-Vd  in  1991  drops  to  153  x 10^  m^/d  by  the  year 
2003. 

7.2  UPPER  GEOLOGICAL  POTENTIAL  - CONVENTIONAL  CRUDE  OIL 

Having  regard  for  recent  high  drilling  activity  and  resulting  reserves 
addition  levels,  the  Board  has  identified  another  sensitivity  case  to 
reflect  supply  if  the  Upper  Geological  Potential  Case  for  conventional 
crude  oil  materializes  (ie,  based  on  the  development  of  reserves  with 
upper  geological  potential  as  summarized  in  Tables  3-1  and  3-2).  Price 
is  not  a variable  in  this  case.  It  is  anticipated  that  this  forecast 
would  stand  a reasonable  chance  with  the  price  and  fiscal  regime 
described  for  Base  Case  1. 

The  anticipated  increase  in  total  conventional  crude  oil  supply, 
relative  to  Base  Cases  1 and  2 and  the  Low  Price  Case,  is  illustrated  in 
Figure  7-4.  The  gap  between  the  Upper  Geological  Potential  Case  and 
Base  Case  1 widens  over  the  forecast  period,  and  is  approximately  19  per 
cent  higher  for  the  Upper  Geological  Potential  Case  by  the  year  2003. 

The  average  increase  in  supply  over  the  forecast  period  is  approximately 
8 per  cent. 
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TABLE  7-1  FORECAST  OF  CRUDE  BITUMEN  PRODUCTION 
AND  SYNTHETIC  CRUDE  OIL  SUPPLY 
1988  - 2003 
Low  Price  Case 

(thousands  of  cubic  metres  per  day) 


Year 

1 

Gross 

2 

Synthetic 

3 

Crude 

Oil 

4 

5 

Non-upgraded 

Bitumen 

Mining 

In 

Situ 

Total 

Bitumen 

1988 

62 

31 

- 

31 

23 

1989 

62 

32 

- 

32 

23 

1990 

65 

33 

- 

33 

25 

1991 

67 

34 

- 

34 

26 

1992 

69 

36 

- 

36 

26 

1993 

69 

36 

- 

36 

25 

1994 

68 

36 

- 

36 

25 

1995 

68 

36 

- 

36 

24 

1996 

67 

36 

- 

36 

24 

1997 

67 

36 

- 

36 

23 

1998 

66 

36 

- 

36 

23 

1999 

66 

36 

- 

36 

22 

2000 

65 

36 

- 

36 

22 

2001 

66 

38 

- 

38 

21 

2002 

67 

39 

- 

39 

21 

2003 

67 

40 

_ 

40 

20 
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TABLE  7-2  FORECAST  OF  TOTAL  CRUDE  OIL  AND  EQUIVALENT  SUPPLY 
- ALL  PRODUCTS 
Low  Price  Case 

(thousands  of  cubic  metres  per  day) 


1 

2 

3 

4 

5 

6 

Year 

Light 

Heavy 

Pentanes 

Plus 

Synthetic 

Non-upgraded 

Bitumen 

Total 

1988 

137 

24 

18 

31 

23 

233 

1989 

136 

24 

19 

32 

23 

234 

1990 

131 

24 

20 

33 

25 

233 

1991 

126 

24 

20 

34 

26 

230 

1992 

119 

24 

22 

36 

26 

227 

1993 

111 

24 

22 

36 

25 

218 

1994 

103 

23 

22 

36 

25 

209 

1995 

96 

21 

22 

36 

24 

199 

1996 

89 

20 

22 

36 

24 

191 

1997 

84 

19 

22 

36 

23 

184 

1998 

79 

17 

22 

36 

23 

177 

1999 

74 

16 

22 

36 

22 

170 

2000 

70 

16 

22 

36 

22 

166 

2001 

66 

15 

22 

38 

21 

162 

2002 

62 

14 

22 

39 

21 

158 

2003 

59 

13 

21 

40 

20 

153 
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FIGURE  7-1  RESERVES  GROWTH  AND  SUPPLY 

FROM  DISCOVERIES/ ADDITIONS 

LIGHT  CRUDE  OIL  (LOW  PRICE  CASE) 
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FIGURE  7-2  RESERVES  GROWTH  AND  SUPPLY 

FROM  DISCOVERIES/ ADDITIONS 

HEAVY  CRUDE  OIL  (LOW  PRICE  CASE) 
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FIGURE  7-3  TOTAL  SUPPLY  OF  ALBERTA'S 

CRUDE  OIL  AND  EQUIVALENT 

LOW  PRICE  CASE 
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FIGURE  7-4  TOTAL  SUPPLY  OF  CONVENTIO 

CRUDE  OIL 
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APPENDIX  A 


SHORT-TERM  OIL  SUPPLY  FORECAST 
1988-1992 


1.  Introduction 

The  Energy  Resources  Conservation  Board  (ERCB)  has  completed  a 
short-term  forecast  of  crude  oil  and  equivalent  supply  for  the  period 
1988-1992,  inclusive.  This  review  is  the  first  part  of  an  assessment 
of  longer  term  oil  productivity  in  Alberta,  which  will  be  completed 
in  the  autumn.  Table  1 summarizes  the  results  of  the  forecast  under 
two  price  scenarios. 

The  last  detailed  review  of  crude  oil  and  equivalent  supply  was 
undertaken  in  1984,  resulting  in  ERCB  Report  85-A  "Alberta  Oil  Supply 
1985-2010",  although  a more  recent  update  was  issued  in  1987. 

2.  Conventional  Crude  Oil 

The  Board's  current  assessment  of  the  short-term  supply  of 
conventional  crude  oil  shows  greater  available  supply  than  previously 
expected.  Forecasting  methodology  has  been  modified  in  arriving  at 
this  short-term  forecast  and  more  recent  information  has  been 
included  in  the  assessment.  Supply  forecasts  have  been  generated  for 
both  the  Light-Medium  and  Heavy  Crude  categories  of  conventional 
crude  oil.  The  Heavy  Crude  category  is  defined  to  include  all  crude 
oil  that  enters  a heavy  crude  marketing  system. 

ERCB  Report  81-B,  issued  following  a hearing  in  June  1980,  summarizes 
the  reserve  based  methodology  employed  by  the  Board  in  generating  its 
long-term  forecasts.  While  the  Board  continues  to  subscribe  to  that 
methodology  of  long-term  forecasting,  its  evaluation  of  the  period 
1983  to  1987  suggests  that  this  long-term  methodology  may  not  be 
appropriate  for  the  short-term,  for  the  following  reasons: 

° It  does  not  adequately  allow  for  infill  drilling  that  occurs  in 
established  Light-Medium  and  Heavy  Crude  pools. 

° It  is  not  sensitive  enough  to  changes  in  incentive  programs  and 
price  fluctuations. 

° The  normalized  productivity  profile  applied  to  Light-Medium 
tertiary  reserve  growth  is  inadequate  to  reflect  the  field 
development  of  EOR  schemes.  This  profile  is  intended  to  show  the 
normal  incremental  production  response  to  the  tertiary  mechanism. 
However,  it  does  not  account  for  infill  drilling  that  occurs  in 
the  early  stages  of  many  tertiary  schemes,  which  accelerates  the 
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base  case  primary  and  secondary  recoveries  before  achieving  the 
tertiary  response. 

Accordingly,  the  Board  decided  to  modify  its  approach  in  assessing 
the  short-term  available  supply  of  conventional  crude  oil  to 
recognize  some  of  these  factors.  The  short-term  methodology  adopted 
is  predicated  on  forecasting  the  behavior  of  established  pools  and 
superimposing  the  expected  behavior  of  newly  drilled  wells  in  both 
new  and  established  pools.  Thus,  expectations  of  drilling  activity 
over  the  next  five  years  is  the  primary  variable  in  this  assessment. 

The  historic  performance  of  Light-Medium  and  Heavy  Crude  oil  wells 
over  the  past  seven  years  is  shown  on  Figures  1 and  2,  respectively. 
These  figures  show  the  annual  average  production  rate  of  the  pre-1981 
wells  and  the  cumulative  effect  of  wells  on-production  between  1981 
and  1987.  The  monthly  production  rates  during  1987  are  also  shown  on 
these  figures.  Declining  productivity  is  observed  from  wellbores 
that  exist  at  any  given  point  in  time.  However,  industry  activity 
over  this  period  has  maintained  a relatively  stable  supply  of 
Light-Medium  Crude  and  has  in  fact  increased  the  available  supply  of 
Heavy  Crude. 

2.1  Drilling  Activity 

With  some  advice  from  CPA  and  IPAC,  the  ERCB  developed  two  forecasts 
of  conventional  well  completions  over  the  next  five-year  period, 
in  light  of  the  historic  performance  of  the  drilling  industry.  These 
drilling  forecasts  are  shown  on  Table  1.  The  base  case  assumes  a 
continuation  of  this  year’s  strong  activity  focused  on  oil  well 
drilling.  This  activity  level  is  influenced  by  several  factors 
including  the  province’s  royalty  holiday  program,  and  to  a lesser 
extent  royalty  relief  available  for  some  infill  wells  associated  with 
hydrocarbon  miscible  flood  schemes.  As  a result,  oil  well 
completions  should  continue  at  a high  level  through  to  the  first 
quarter  1989  at  least.  Land  sales  continue  to  be  weighted  in  favour 
of  potential  oil  properties.  These  properties  will  have  to  be 
drilled  over  the  next  three  to  five  years  to  meet  with  license  and 
lease  obligations.  While  a phasing  down  of  both  federal  and 
provincial  drilling  incentive  programs  is  anticipated,  the  base  case 
assumes  that  producer  netbacks  will  be  sufficient  to  maintain 
relatively  high  levels  of  drilling  activity  over  the  period.  This 
scenario  also  recognizes  that  while  the  level  of  natural  gas  drilling 
activity  will  increase  over  the  forecast  period,  sufficient  drilling 
hardware  exists  to  accommodate  the  needs  of  both  oil  and  gas  well 
activity. 
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The  low  case  reflects  a continuation  of  the  current  slump  in  oil 
prices  and  expiration  of  the  three-year  royalty  holiday  program  after 
1 November  1988.  Soft  oil  prices  are  assumed  to  linger  over  much  of 
the  next  few  years,  with  no  real  strengthening  occurring  until  the 
early  1990's.  An  extension  of  government  drilling  incentives  are  not 
foreseen  in  this  scenario.  The  focus  over  this  period  will  be  more 
on  drilling  gas  wells,  with  a consequent  diversion  of  some  of  the 
available  drilling  funds  away  from  oil. 

3.  Light-Medium  Crude  Oil 

The  main  difficulty  experienced  by  the  Board  in  forecasting  available 
supply  of  Light-Medium  Crude  is  projecting  infill  drilling  that 
occurs  in  older/established  pools.  This  infill  drilling  results  in 
accelerated  production  trends  along  with  some  recovery  improvements. 

A typical  example  of  this  is  the  Pembina  Cardium  Pool  in  which  the 
350  wells  drilled  over  the  past  five  years,  contributed  about  1100 
m^/d  of  incremental  production  in  1987.  Thus,  total  production  from 
the  Pembina  Cardium  Pool  has  only  declined  by  about  two  percent  per 
year  over  this  period.  A review  of  30  larger  pools  (older/ 
established  pools)  shows  1500  infill  wells  have  been  drilled  over  the 
past  five  years  and  that  these  wells  produced  about  15  000  m^/d  in 
1987.  Infill  drilling  in  tertiary  schemes  has  been  a contributing 
factor  to  this  observed  productivity.  These  1500  wells  account  for 
almost  20  percent  of  the  Light-Medium  drilling  activity  over  this 
period.  It  is  difficult  to  account  for  some  of  this  activity  in  the 
reserve  growth/normalized  profile  approach  to  forecasting. 

3.1  Established  Pools 

The  Board  has  completed  its  assessment  of  the  established 
Light-Medium  pools  at  31  December  1987.  The  peak  productivity  for 
these  pools  was  found  to  be  138  lO^m^/d  in  December  1987.  Individual 
pool  forecasts  were  based  on  wellbores  that  existed  at  year-end  1987. 
The  largest  190  pools  in  terms  of  productivity,  representing 
approximately  80  percent  of  the  total  productivity,  were  forecast  on 
an  individual  pool  basis.  An  annual  average  decline  rate  of  about 
10.4  percent  is  forecast  over  the  next  five-years.  This  information 
was  used  in  the  short-term  forecast. 

3.2  Future  Wells 

The  expected  productivity  from  new  drilling  was  added  to  the 
production  profile  of  established  pools.  The  drilling  forecast 
applied  over  this  period  includes  all  types  of  wells  expected  to  be 
drilled.  In  arriving  at  the  expected  production  from  these  newly 
completed  wells  the  following  was  assumed: 


-4- 


° Seventy  two  percent  of  the  drilling  activity  forecast  on  Table  1 
would  be  in  the  Light-Medium  category. 

° Aggregate  production  from  new  wells  in  a given  year  peaks  in 
December  of  that  year,  is  held  constant  for  one  year  and  then 
declines  exponentially  at  15  percent  per  year. 

° Peak  production  in  the  second  year  averages  8 m^/d  per  well  for 
the  wells  drilled  in  1988  and  1989,  and  7 m3/d  per  well  for 
1990-1992  wells. 

The  average  production  of  8 m^/d  used  for  wells  drilled  in  1988  and 
1989  assumes  the  wells  will  follow  the  historic  average  observed  over 
the  past  five  years.  It  is  noted  that  wells  drilled  within  tertiary 
schemes  have  tended  to  be  better  than  average  and  have  affected  the 
average  well  productivity  by  about  1.0  mVd/well.  The  8 m^/d  used 
for  1988  and  1989  assumes  further  drilling  candidates  exist  within 
both  the  existing  and  new  tertiary  schemes.  Further,  it  is  observed 
that  the  wells  on-production  in  1987  averaged  8.9  m^/d  in  the  first 
five  months  of  1988.  It  should  be  noted  that  early  productivity  in 
tertiary  infill  wells  is  primarily  an  acceleration  of  the  present 
depletion  mechanism  rather  than  early  response  to  the  tertiary 
mechanism. 

4.  Heavy  Crude  Oil 

Past  forecasting  of  Heavy  Crude  oil  supply  has  not  adequately 
accounted  for  the  high  activity  level  and  in  particular  the  infill 
drilling  that  has  occurred  in  many  pools.  Drilling  density  in 
certain  situations  has  been  down  to  quarter  LSD  spacing.  In  many 
cases  new  in-place  reserves  have  not  been  discovered,  rather  the 
wells  result  in  improved  recovery  and/or  accelerated  production.  As 
shown  on  Figure  2,  new  wells  drilled  in  the  heavy  crude  area  over  the 
past  five  years  have  more  than  offset  the  decline  of  existing  wells. 


4.1  Established  Pools 

The  Board  recently  reviewed  its  long-term  forecast  of  production  from 
established  Heavy  Crude  oil  pools  at  31  December  1987.  The  available 
productivity  was  found  to  be  22.3  lO^m^/d  at  the  end  of  1987. 
Individual  pool  forecasts  were  based  on  the  wellbores  that  existed  at 
year-end  1987.  Ninety  pools,  representing  about  80  percent  of  the 
total  productivity,  were  forecast  on  an  individual  pool  basis.  The 
first  five  years  of  this  forecast  of  established  pools  was  used  in 
the  short-term  analysis. 
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It  should  be  noted  that  there  is  about  one  thousand  cubic  metres  per 
day  of  experimental  production  in  conventional  Heavy  Crude  pools,  in 
addition  to  the  22.3  lO^m^/d  produced  in  December  1987. 

4.2  Future  Wells 

The  expected  productivity  from  new  wells  over  the  next  five  years  was 
added  to  the  production  profile  of  established  pools.  The  drilling 
forecast  assumed  over  this  period  includes  all  types  of  drilling  (ie; 
infill  wells,  stepout  development  wells  and  exploration  wells).  For 
these  new  wells  the  Board  assumed: 

° Twenty  eight  percent  of  the  drilling  activity  forecast  on  Table  1 
would  be  in  the  Heavy  Crude  category. 

° Aggregate  production  from  new  wells  in  a given  year  peaks  in 
December  of  that  year,  is  held  constant  for  one  year  and  then 
declines  exponentially  at  10  percent  per  year. 

° Peak  production  in  the  second  year  averages  4 m^/d  per  well  for 
wells  drilled  between  1988  and  1992. 

The  average  production  of  4 m-Vd  used  for  wells  drilled  between  1988 
and  1992  assumes  that  wells  will  follow  the  historic  average  observed 
over  the  past  five  years. 

5.  Summary  of  Conventional  Oil  Production 

Forecast  results  show  only  a moderate  decline  in  the  available  supply 
of  Light-Medium  Crude  and  an  increase  in  the  supply  of  Heavy  Crude 
over  the  next  five  years.  The  Board  has  a high  level  of  confidence 
in  the  forecast  of  available  supply  in  the  initial  years  of  the 
forecast.  However,  given  the  uncertainty  about  sustaining  a high 
level  of  drilling  in  the  absence  of  stable  oil  prices  or  incentive 
programs,  the  productivity  in  the  later  years  of  the  forecast  should 
be  used  with  some  degree  of  caution. 

The  Board  is  preparing  a projection  of  the  long-term  supply  of 
conventional  crude  oil  using  the  reserve  based  methodology  described 
in  ERCB  Report  81-B.  Matters  such  as  ultimate  potential,  normalized 
profiles  and  tertiary  expectations  are  currently  under  review.  When 
the  long-term  forecast  is  completed,  results  will  be  compared  to  the 
short-term  analysis  with  the  intent  to  make  adjustments  as  considered 
necessary. 


-6- 


6.  Bitumen  and  Synthetic  Crude 

The  current  outlook  for  crude  bitumen  and  synthetic  crude  oil  is 
lower  than  that  presented  in  85-A,  primarily  due  to  a re-evaluation 
of  the  timing  of  upgraders  for  in  situ  bitumen.  ERCB  Report  85-A 
assumed  such  upgrading  to  begin  in  1991,  whereas  at  this  time  it  is  not 
expected  new  upgraders  will  be  operational  before  the  mid-1990’s. 

The  current  forecast  of  crude  bitumen  production  was  forecast  based 
on  existing  projects  and  the  ERCB's  recognition  of  projects  which  are 
under  development,  proposed  and  anticipated.  The  supply  analysis  was 
prepared  for  each  project,  and  aggregated  for  use  in  this  forecast. 

A supply  forecast  for  both  the  base  and  low  price  cases  is  presented, 
the  difference  being  the  timing  of  new  projects  in  response  to 
prevailing  oil  prices. 

Synthetic  crude  oil  was  forecast  on  a project  specific  basis  after 
consultation  with  the  respective  operators  and  takes  into  account 
the  Syncrude  expansion  and  debottlenecking  of  Suncor. 

7 . Pentanes  Plus 

The  pentanes  plus  supply  forecast,  although  a small  proportion  of  the 
total,  is  significantly  higher  than  that  presented  in  85-A.  This 
increase  is  due  principally  to  the  discovery  of  the  Caroline  natural 
gas  field,  which  upon  initial  review  increased  the  provincial  reserves 
of  pentanes  plus  by  more  than  10  percent.  As  well,  revised  forecasts 
of  natural  gas  production  have  contributed  to  increased  pentanes  plus 
production. 

Pentanes  plus  supply  depends  directly  on  the  level  of  natural  gas 
production.  As  the  forecast  for  natural  gas  production  over  the  next 
five  years  is  demand  driven,  it  is  not  highly  sensitive  to  either  oil 
price  case,  thus  only  one  supply  forecast  is  presented. 


Prepared  by  ERCB 


For  additional  information,  contact  one  of  the  following: 

Terry  Hurst,  Oil  Department,  (403)  297-8570 

Kevin  Johnston,  Economics  Department,  (403)  297-8578 

Terry  Abel,  Oil  Sands  Department,  (403)  297-3382 


August  1988 


TABLE  1 


FORECAST  OF  CRUDE  OIL  AND  EQUIVALENT  SUPPLY 
1988-1992 


Successful 
Conventional 
Oil  Wells 
Drilled 

103m3/d 

Conventional 
L-M  Oil 

Conventional 
HC  Oil 

Crude 

Bitumen 

Synthetic 
Crude  Oil 

Pentanes 

Plus 

TOTAL 

Base 

Case 

1988 

2500 

138.0 

24.0 

23.0 

30.5 

18.5 

234.0 

1989 

2300 

141.0 

25.0 

26.0 

33.0 

19.0 

244.0 

1990 

2200 

140.0 

26.0 

31.5 

32.5 

20.0 

250.0 

1991 

2200 

137.0 

27.0 

35.0 

34.5 

21.0 

254.5 

1992 

2300 

134.0 

27.5 

40.5 

35.0 

21.0 

258.0 

Low 

Case 

1988 

2000 

137.0 

23.5 

23.0 

30.5 

18.5 

232.5 

1989 

2000 

138.0 

24.5 

26.0 

33.0 

19.0 

240.5 

1990 

1900 

135.0 

25.0 

31.5 

32.5 

20.0 

244.0 

1991 

2000 

131.0 

25.5 

35.0 

34.5 

21.0 

247.0 

1992 

2100 

128.0 

26.0 

39.0 

35.0 

21.0 

249.0 

FIGURE  1 LIGHT-  MEDIUM  CRUDE  OIL.  Actual  Production 
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FIGURE  2 HEAVY  CRUDE  OIL.  Actual  Production 


APPENDIX  B 


OIL  SUPPLY  FROM  ESTABLISHED  POOLS  IN  ALBERTA 


. 


PROVINCIAL  SUMMARY 

FORECAST  OF  THE  SUPPLY  OF  CONVENTIONAL  CRUDE  OIL  FROM 
REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  BY  PIPELINE 


Total  Light  & Medium  131214  120342  108236  96728  86521  77410  69614  62855  39153  30246 


PROVINCIAL  SUMMARY 

FORECAST  OF  THE  SUPPLY  OF  CONVENTIONAL  CRUDE  OIL  FROM 
REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  BY  PIPELINE 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
A E C - REDWATER  ( L I GHT - AND  - MED  I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
BOW  RIVER  PIPELINE  ( L I GHT - AND -MED I UM  CRUDE  OIL) 
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SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
CREMONA  PIPELINE  ( L I GHT - AND -MED I UM  CRUDE  OIL) 
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SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
FEDERATED  PIPELINES  LTD.  ( L I GHT -AND -MED IUM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 

FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 

GIBSON  PETROLEUM  COMPANY  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 

FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 

GULF  ALBERTA  PIPELINE  CO.  LTD.  ( L I GHT -AND -MED  I UM  CRUDE  OIL) 
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SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 

IMPERIAL  PIPELINE  - ELLERSL I E/LEDUC  SYSTEM  ( L I GHT -AND -MED IUM  CRUDE  OIL) 
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SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
IMPERIAL  PIPELINE  - EXCELSIOR  ( L I GHT - AND -MED IUM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 

FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 

MURPHY  OIL  COMPANY  LTD.  - MILK  RIVER  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
NORCEN  ENERGY  RESOURCES  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEACE  PIPE  LINE  LTD.  ( L I GHT -AND -MED IUM  CRUDE  OIL) 


Rycroft  Charlie  Lake  A 968  754  210  185  167  151  137  124 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEACE  PIPE  LINE  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 
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Total  18874  17318  15837  14289  12925  11716  10644  9672  6088  4616 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEMBINA  PIPELINE  LTD.  ( L I GHT - AND -MED  I UM  CRUDE  OIL) 


Highvale  Cardium  C 387  249  100 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEMBINA  PIPELINE  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


Pembina  Nisku  P 3315  2104  930  930  930  784  579  428  316  234 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEMBINA  PIPELINE  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 
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SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
RAINBOW  PIPE  LINE  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


Rainbow  Keg  River  N 1000  258  175  135  103 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
RAINBOW  PIPE  LINE  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


Utikuma  Lake  KR  SS  A 69%  5278  1514  759  650  537  444  367  303  251  207 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
RAINBOW  PIPE  LINE  LTD.  ( L I GHT -AND -MED IUM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
RANGELAND  PIPE  LINE  CO.  LTD.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
RANGELAND  PIPE  LINE  CO.  LTD.  ( L I GHT - AND -MED IUM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
TEXACO  EXPLORATION  CO.  ( L I GHT - AND -MED I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
TWINING  PIPELINE  ( L I GHT - AND -MED IUM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
VALLEY  PIPELINE  ( L I GHT - AND -MED  I UM  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
TANK  CAR  AND  TRUCK  ( L I GHT -AND -MED IUM  CRUDE  OIL) 


o 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
BOW  RIVER  PIPELINE  (HEAVY  CRUDE  OIL) 


Grand  Forks  Lower  Mann  D 6230  1412  540  481  418  364  316  275  239  207  103 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
BOW  RIVER  PIPELINE  (HEAVY  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
BOU  RIVER  PIPELINE  (HEAVY  CRUDE  OIL) 


Provost  Dina  N 997  795  255  227  201  178  158  140  124  110 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
BOW  RIVER  PIPELINE  (HEAVY  CRUDE  OIL) 
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Total  13785  12512  11243  10100  9077  8164  7341  6612  3933  2874 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
B P OIL  (HEAVY  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
FEDERATED  PIPELINES  LTD.  (HEAVY  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
HUSKY  OIL  (HEAVY  CRUDE  OIL) 


Total  4100  3759  3401  3079  2787  2530  2292  2081  1285  969 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
MURPHY  OIL  COMPANY  LTD.  - MANITO  (HEAVY  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
PEACE  PIPE  LINE  LTD.  (HEAVY  CRUDE  OIL) 


SUMMARY  OF  FORECAST  PRODUCTIVE  CAPACITY  OF  CONVENTIONAL  CRUDE  OIL 
FROM  REMAINING  RESERVES  AS  OF  31  DECEMBER  1987  FOR 
TANK  CAR  & TRUCK  (HEAVY  CRUDE  OIL) 
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